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@ Hybridization probes for detecting neisseria strains. 

@ The invention relates to hybridization probes for detecting 
Neisseria strains. 

Representative probes of the invention are characterized by the 
following nucleotides sequences : 



GGTACCG-CATCGCCCGCCGATATTCGCAACAGCCTTTTCTTCCCTG ( 3 ) 



GGTACCGTCATCGGCCGCCGATATTGGCAACAGCCTTTTCTTCCCTCACAAAAGTCC 



TCAGTCCGATTTCCGCCCGACCTAGGT 



CGCCACCCGAGAAGCAAGCTTCCCTGTGCTGC 
CCGGSCT7ACGGAGCAAGTCCTTAACCTTAGACGGCATA 
CCCGAATCATACCTTTATTCCCACCTCCCCCGC 
GACACACTCGAGTCACCCACTTCAGAAC 
TGC7TTCCCTCTCAAGACGTATGC 
TC7CGACAG7TATTACGTACA 
TTTCCTACGC7TAGTACCGCTGTTGAGA 
G7G3TATCGG7 7GCTTCG 7G7 CC GT AG AC A 
AACCTATTCCAACAGCTTGCCAACCTAA 
TGGTGGCCC7TTACCCCCCCAACCAGCT 

under appropriate hybridization conditions, probes (1). (2). (3), 
(4), (5), (9). (11), (13) and (18) detect specifically Neisseria 
gonorrhoeae 



Bundesdruckerei Berlin 



EP 0 337 896 A1 



Description 

HYBRIDIZATION PROBES FOR DETECTING NEISSERIA STRAINS 

The invention relates to hybridization probes for detecting Neisseria strains and isolates belonging to the 
genus Neisseria and related taxa. Hereafter, the word strains also encompasses isolates or organisms 
5 contained in a biological sample. 

Most of the probes known so far and which can be either total genomic deoxyribonucleic acid (DNA), 
indigenous plasmids, cloned DNA fragments, or synthetic oligonucleotides, target the DNA of the organism to 
be detected. 

It has been suggested in a few occurences to target the ribosomal ribonucleic acid (rRNA), by means of a 
10 rRNA derived probe.Targeting the ribosomal ribonucleic acid would increase the sensitivity of a diagnostic 
test, because ribosomes are very abundant in a cell. 

Yet and in contrast, the high sequence conservation observed among rRNA cistrons and accordingly, the 
absence of specificity of a rRNA derived probe are important drawbacks which are an obstacle to the use of a 
rRNA derived probe for selecting related taxa. In fact rRNA derived probes known so far are mainly used to 
15 detect large groups of organisms such as Legionella (Wilkinson et al., 1986 ; Edelstein, 1986) or the 
Pseudomonas fluorescens group (Festl et al., 1986), or to differentiate relatively distantly related species such 
as Mycoplasma {Goebel et al., 1987) and Chlamydia species (Palmer et al., 1986) from one another. One report 
described the differentiation between the species Proteus vulgarus and Proteus mirabilis (Haun and Goebel, 
1987). Both species have a DNA homology value of about 50 % ; for the moment this is the highest specificity 
20 which could be reached using rRNA derived probes without the use of Southern-blot analysis. 

Therefore it was unexpected, as found by the inventors of the present invention, that specific rRNA derived 
probes could be devised which could not only differentiate between highly related bacterial species but also 
between taxa related at the subspecies level using a simple direct hybridization format. In particular, Neisseria 
gonorrhoeae strains could be discriminated from other Neisseria strains, including N. meningitidis strains, by 
25 means of a dot-spot hybridization assay by some of the probes described herein. 

Thus an object of the invention is to provide rRNA-related probes for detecting one or more Neisseria 
strains. 

Another object of the invention is to provide rRNA-related probes for differentiating Neisseria gonorrhoeae 
from other bacterial species and in particular from other Neisseria species and from Neisseria meningitidis . 
30 A further object of the invention is to provide probes for detecting one or more Neisseria strains by a simple 
hybridization test, such as a dot-spot hybridization test, without resorting to any complementary analysis, such 
as the Southern-blot analysis. 

Still another object of the invention is to provide a probe and a simple method for the in vitro diagnosis of 
one or more Neisseria strains. 
35 "rRNA-related" as used herein refers to the fact that the probes concerned hybridize with sequences 
normally present in ribosomal RNAs, no matter whether said probes are themselves formed of DNA or RNA 
fragments, or whether they consist of cloned fragments (in the case of DNA) or of synthetic oligonucleotides. 

The word " Neisseria " as used herein not only refers to bacteria named Neisseria but also to named or 
unnamed taxa, such as Kingella , Eikenella , Simonsiella , Alysiella and the CDC groups EF-4 and M-5, which are 
40 highly interrelated with bacteria belonging to the genus Neisseria . These taxa are found within a Tm(e) range 
of approximately 6° C versus ribosomal RNA of flavescens ATCC 13120. Tm(e) is defined in Rossau, R., A. Van 
Landschoot, W. Mannheim, and J. De Ley. 1986. Inter- and intrageneric similarities of ribosomal ribonucleic 
acid cistrons of the Neisseriaceae . Int. J. Syst. Bacteriol. 36:323-332. 

It should be noted that misnamed bacteria, which are not found within the delta Tm(e) range indicated, such 
45 as Neisseria caviae , Neisseria cuniculi , Neisseria ovis , Neisseria catarrhalis ( Branhameila ( Moraxella ) 
catarrhalis ). Kingella indologenes and Alysiella sp., do not belong to the Neisseria group. 

A hybridization probe of the invention for detecting one or more Neisseria strains contains : 
- either a sequence belonging to a nucleic acid selected from the following groups of nucleic acids and which 
includes itself of from 10 to the maximum number of nucleotides of the selected nucleic acid 

SO 
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Group 4 : 

GGTACCGTCATCGGCCGCCGATATTGGCAACAGCCTTTTCTTCCCTGACAAAAGTCC 

(4) 

GGOACCGUCAOCGGCCGCCGAOAUUGGCAACAGCCUUUUCDUCCCUGACAAAAGUCC 

(4bis) 

GGACTTTTGTCAGGGAAGAAAAGGCTGTTGCCAATATCGGCGGCCGATGACGGTACC 

(4ter) 

GGACUUUOGOCAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGAUGACGGUACC 

(4quater) 

Group 5 : 

ACGCTACCAAGCAATCAAGTTGCCCAACAGCTAA ( 5 ) 

ACGCU ACCAAGCAAOCAAGUUGCCCAACAGCU AA ( 5 bi 3 ) 
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(5ter) 
(5quater ) 



TTAGCTGTTGGGCAACTTGATTGCTTGGTAGCGT 
UUAGCUGUUGGGCAACUUGAUUGCUUGGUAGCGU 
Group 6 : 

ATACCGTGGTAAGCGGACTCCTTGCGGTTACCCTACCTACTTCTGGTATCCCCCAC 

(6) 

AUACCGUGGUAAGCGGACUCCUUGCGGUUACCCUACCUACOUCOGGUAUCCCCCAC 

(6bis) 

GTGGGGGATACCAGAAGTAGGTAGGGTAACCGCAAGGAGTCCGCTTACCACGGTAT 

(6ter) 

GUGGGGGAUACCAGAAGUAGGUAGGGUAACCGCAAGGAGUCCGCUUACCACGGUAU 

(6quater ) 

Group 7 : 

TCAGTCCGATTTCCGCCGGACCTAGGT 
UCAGUCCGAUUUCCGCCGGACCUAGGU 
ACCTAGGTCCGGCGGAAATCGGACTGA 
ACCUAGGOCCGGCGGAAAUCGGACUGA 
Group 8 : 

TCAGTCCGATTTCCGACCGGACCTAGGT 
UCAGUCCGAUUUCCGACCGGACCUAGGO 
ACCTAGGTCCGGTCGGAAATCGGACTGA 
ACCUAGGUCCGGUCGGAAAUCGGACUCA 
Group 9 : 

CGCCACCCGAGAAGCAAGCTTCCCTGTGCTGC 
CGCCACCCGAGAAGCAAGCUUCCCUGUGCUGC 
GCAGCACAGGGAAGCTTGCTTCTCGGGTGGCG 
GCAGCACAGGGAAGCUOGCUUCUCGGGUGGCG 
Group 10 : 

•CGGGGCTTACGGAGCAAGTCCTTAACCTTAGAGGGCATA 
CGGGGCUUACGGAGCAAGUCCUUAACCUUAGAGGGCAUA 
TATGCCCTCTAAGGTTAAGGACTTGCTCCGTAAGCCCCG 
UAUGCCCUCUAAGGUUAAGGACUUGCUCCGUAAGCCCCG 
Group 11 : 

GCGGAATCATAGCTTTATTGCCAGCTCCCCCGC 
GCGGAAUCAUAGCUUUAUUGCCAGCUCCCCCGC 
GCGGGGGAGCTGGCAATAAAGCTATGATTCCGC 



(7) 

(7bis) 
(7ter) 
(7quater ) 

(8) 

(8bis) 
(8ter) 
(8quater ) 

(9) 

(9bis) 
(9ter) 
(9quater ) 

(10) 
( 10bis) 
( 10ter) 
( 10quater) 



(11) 
(1 Ibis) 
( 1 1ter) 
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GCGGGGGAGCUGGCAAUAAAGCUAUGAUUCCGC 
Group 12 : 

GACACACTCGAGTCACCCAGTTCAGAAC 
GACACACUCGAGUCACCCAGUUCAGAAC 
GTTCTGAACTGGGTGACTCGAGTGTGTC 
GUDCUGAACUGGGUGACUCGAGUGOGUC 
Group 13 : 

TGCTTTCCCTCTCAAGACGTATGC 
UGCUUUCCCUCUCAAGACGUAUGC 
GCATACGTCTTGAGAGGGAAAGCA 
GCAUACGUCUUGAGAGGGAAAGCA 
Group 14 : 

TCTCGACAGTTATTACGTACA 
UCUCGACAGUUAUUACGUACA 
TGTACGTAATAACTGTCGAGA 
UGUACGUAAUAACUGUCGAGA 
Group 15 : 

TTTCGTACGCTTAGTACCGCTGTTGAGA 
UUUCGUACGCUUAGUACCGCUGODGAGA 
TCTCAACAGCGGTACTAAGCGTACGAAA 
UCUCAACAGCGGUACUAAGCGOACGAAA 
Group 16 : 

GTGGTATCGGTTGCTTCGTGTCCGTAGACA 
GUGGUAUCGGUUGCUUCGUGUCCGUAGACA 
TGTCTACGGACACGAAGCAACCGATACCAC 
UGUCUACGGACACGAAGCAACCGAOACCAC 
Group 17 : 

AAGCTATTCCAACAGCTTGCCAACCTAA 
AAGCUA0OCCAACAGCUUGCCAACCUAA 
TTAGGTTGGCAAGCTGTTGGAATAGCTT 
UUAGGUUGGCAAGCUGUUGGAAOAGCUU 
Group 1 8 : 

TGGTGGGCCTTTACCCCGCCAACCAGCT 
UGGUGGGCCUUUACCCCGCCAACCAGCU 
AGCTGGTTGGCGGGGTAAAGGCCCACCA 



( 1 Iquater ) 

(12) 5 
( 12bis) 
( 12ter) 

(12quater) 10 
(13) 

(13bis) 15 
( 13ter) 
( 1 3quater ) 

20 

(14) 

( 14bis) 

25 

( 14ter) 
( 1 4quater> 

30 

(15) 
dSbis) 

(15ter) 35 
( 1 5quater ) 

(16) 40 

(16bis) 
(16ter) 

(16quater) 45 
(17) 

(17bis) 50 

(17ter) 

( 1 7quater ) 

55 

(18) 
(18bis) 

60 

( 18ter) 

65 
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AGCUGGUUGGCGGGGUAAAGGCCCACCA ( 1 Squater ) 



5 

En which the letters mean the following nucleotides : 
A : adenylic residue, 
C : cytidylic residue, 
G : guanidylic residue, 
10 T : thymidylic residue, 
U : uracyiic residue, 

- or a variant sequence which differs from any of the preceding sequences (4) to (18) 

. either by addition to or removal from any of their respective extremities of one or several nucleotides, 
. or changing within any of said sequences of one or more nucleotides, 
15 . or both, 

yet provided that in any of the above circumstances said probe still hybridizes with the same RNA or DNA 
target as the corresponding unmodified sequence. 

Under the expression "target" is meant a sequence complementary to any of the sequences of groups 4 to 
18 as herein before defined. This in case where the probe of the invention would comprise nucleic acid 

20 elongations on either side or both of said above defined sequences — e.g. nucleic acid fragments of a cloning 
vector or linker fragments resulting from the cleavage of said probe out of said cloning vector — it is 
understood that such elongations should be selected such as to avoid the possibility that they could 
themselves hybridize with any other corresponding complementary nucleic acid sequence outside of the 
above target in a DNA of any microorganism likely to be tested by the process of this invention as later defined. 

25 Such hybridization would be of a parasitical nature and reduce the specificity of the probe. 

Preferred probes consist of nucleic acid fragments formed of any of the sequences under (4) to (18), said 
fragments containing from 10 to the maximum number of nucleotides of the relevant nucleic acid sequence. 

It is understood that in the above nucleotide sequences (and in the other ones referred to hereafter), the left 
end of the formulae always corresponds to a 5' extremity and the right end to a 3' extremity of the sequence 

30 concerned. 

When reference is further made therein to a "probe of group "x" n - with "x" from 1 to 10 -it should be 
understood that such probe has a sequence included in one of the nucleic acids belonging to that group as 
defined above or further defined hereinafter. 

It is also understood that the word "nucleotide'' as used herein refers indistinctly to ribonucleotides and 

35 deoxyribonucleotides and modified nucleotides such as inosine unless otherwise specified. The expression 
"nucleotides" also encompasses those which further comprise modification groups, e.g. chemical 
modification groups which do not affect their hybridization capabilities. Such modification groups aim, for 
instance, at facilitating their coupling, either directly or indirectly, with suitable markers or labels for the 
subsequent detection of the probes so marked or labeled, particularly in their hybridization products with the 

40 relevant rRNA or DNA strand, e.g. that or those initially contained in a biological sample together with other 
DNA(s) and/or RNA(s). 

For instance, such modification groups are recognizable by antibodies which, in turn, can be recognized 
specifically by other antibodies carrying a suitable enzymatic or fluorescent or chemiluminescent label. 
Possible labeling procedures will further be examplified later herein. 

45 The invention also relates to probes having any of the sequences defined above and in which some 
nucleotides are different, provided that the different nucleotide(s) do(es) not alter the specificity of the probes 
defined above. Some probes may consist of one of the nucleic acids belonging to any of the groups 4 to 10 
which are set forth above or of part thereof, said probes however including nucleotidic elongation on either 
sides thereof to the extent that such elongations do not alter the specificity of said probes with the genetic 

50 material of Neisseria as discussed hereafter. 

Most of these probes, can be caused to hybridize with a large number if not all Neisseria . However the 
probes of group 4, 5. 9, 1 1 , 13 and 18 are capable of hybridizing more selectively with corresponding regions of 
the RNAs or DNAs of Neisseria gonorrhoeae , and in some instances under controlled hybridization 
conditions - not with other Neisseria . 

55 This applies particularly to subgroups selected from the probes of group 4, which subgroups are hereafter 
generally designated as groups 1 to 3, each of said groups comprising more specific probes (still normally 
containing at least ten nucleotides) whose probes contain : 

- either a sequence belonging to a nucleic acid selected from the following groups of nucleic acids and which 
includes itself of from 10 to the maximum number of nucleotides of the selected nucleic acid 

60 
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Group 2 



Group 1 

TCGGCCGCCGATATTGGCAACAGCCTT ( 1 ) 

UCGGCCGCCGAUAUUGGCAACAGCCUO (Ibis) 

AAGGCTGTTGCCAATATCGGCGGCCGA ( 1 ter ) 

AAGGCUGUUGCCAAUAUCGGCGGCCGA ( 1 quater ) 

TCGGCCGCCGATATTGGCAACAGCCTTTTCTTCCCTG ( 2 ) 
UCGGCCGCCGAUAUDGGCAACAGCCOUUUCUUCCCUG ( 2bis ) 

CAGGGAAGAAAAGGCTGTTGCCAATATCGGCGGCCGA ( 2ter ) 
CAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGA ( 2quater ) 

Group 3 : 

GGTACCGTCATCGGCCGCCGATATTGGCAACAGCCTTTTCTTCCCTG ( 3 ) 
GGUACCGUCAUCGGCCGCCGAUAUUGGCAACAGCCOUUUCDUCCCUG ( 3bis ) 
CAGGGAAGAAAAGGCTGTTGCCAATATCGGCGGCCGATGACGGTACC ( 3ter ) 
CAGGGAAGAAAAGGCOGUUGCCAAUAUCGGCGGCCGAUGACGGUACC ( 3quater ) 

-or a variant sequence which differs from any of the preceding sequences (1) to (3) 

. either by addition to or removal from any of their respective extremities of one or several nucleotides, 

. or changing within any of said sequences of one or more nucleotides, 

ye? provided that in any of the above circumstances said probe still hybridizes with the same RNA or DNA 
target as the corresponding unmodified sequence. 

The invention thus provides for probes which are either replicas (those designated by numbers followed by 
"ter" or "quater") in terms of nucleotide sequence of sequences contained in the rRNAs of most Neisseria, 
with occasionnally a few insignificant differences in nucleotide sequences or formed of sequences, those 
designated by bare numbers or by numbers followed by "bis", complementary to sequences included in the 
natural rRNAs of Neisseria . 

More particularly, it should be appreciated that the target sequences in the rRNAs concerned consist in any 
of the following successive sequences present in most, if not all. Neisseria , subject to possible insignificant 
natural differences from one Neisseria to another, whereby such natural differences are not likely to affect the 
hybridization specificity of the probes of this invention with such targets : 
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(5*) AAGGCUGUUGCCAAUAUCGGCGGCCGA (3') dquater) 
( 5 ' ) CAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGA ( 3 ' ) ( 2quater ) 
( 5 ' ) CAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGAOGACGGOACC ( 3 1 ) 

Oquater) 

GGACUUUUGUCAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGAUGACGGUACC 
(5«) (3') 

(4quater) 

(5 1 ) UUAGCUGUUGGGCAACUUGAUUGCUUGGUAGCGU (3') (5quater) 
GUGGGGGAUACCAGAAGUAGGUAGGGUAACCGCAAGGAGUCCGCUUACCACGGOAU 
(5") (3') 

(6quater) 

( 5 ' ) ACCUAGGUCCGGCGGAAAUCGGACUGA ( 3 ' ) ( 7quater ) 

(5'} ACCUAGGUCCGGUCGGAAAUCGGACUGA (3') (8quater) 
( 5 ' } GCAGCACAGGGAAGCUUGCUUCUCGGCUGGCG ( 3 ' ) ( 9quater ) 

(5 ' ) UAUGCCCUCUAAGGUUAAGGACUUGCUCCGOAAGCCCCG(3 * ) ( 1 Oquater ) 
( 5 ' ) GCGGGGGAGCUGGCAAUAAAGCUAUGAUUCCGC ( 3 ' ) (1 Iquater ) 

( 5 • ) GUUCUGAACUGGGUGACUCGAGUGUGUC ( 3 ' ) (1 2quater ) 

( 5 ' ) GCAUACGOCUUGAGAGGGAAAGCA ( 3 ' ) (1 3quater ) 

( 5 1 ) UGUACGUAAUAACUGUCGAGA ( 3 ' ) (1 4quater ) 

( 5 ' ) UCUCAACAGCGGUACUAAGCGUACGAAA ( 3 ' ) (1 5quater ) 

( 5 ' ) UGUCUACGGACACGAAGCAACCGAUACCAC ( 3 * ) (1 Squater ) 

( 5 ' ) UUAGGUUGGCAAGCUGUUGGAAUAGCUU ( 3 ' ) (1 7quater ) 

( 5 * ) AGCUGGUUGGCGGGGUAAAGGCCCACCA ( 3 ' ) (1 8quater ) 



The differences in hybridization capability of the nucleotide sequences of the different probes (or of 
(8quater), (9quater), (1 Oquater) the related rRNA sequences) from one probe to another are of a sufficiently 

45 reduced magnitude as to ensure the selectivity of the sequences of groups (4)-(18) as regards the detection 
and identification of Neisseria (such as N. lactamica, N. mucosa. N. subflava, N. flavescens, N. elongata, etc..) 
in a biological sample suspected to contain same, yet to distinguish them from other taxa. However, within 
group (4) (and ail the more so in groups 3, 2 and 1) and also in group 5, 9, 1 1, 13 and 18, these differences are 
becoming of sufficient magnitude to enable Neisseria gonorrhoeae strains to be differentiated from other 

50 Neisseria strains in some instances even under less stringent hybridization conditions (which will be referred 
to herein more accurately later), and in the presence of other DNAs or RNAs or both present in the sample 
studied, e.g. a sample originating from mammals, particularly humans. It will be mentioned later that the 
hybridizations may be carried out e.g. using dot-spot proceeding, if need be upon appropriately adjusting the 
hybridization conditions and subsequent washing conditions of the hybrids formed. 

55 It will be appreciated that the above mentioned specificities, be it for the whole Neisseria taxon or for the 
Neisseria gonorrhoeae subtaxon tend to become lost when the number of nucleotides in the probes used fall 
below 10. Nevertheless and particularly in groups 1, 2, 3, 4, 5, 9, 11, 13 and 18 best results are obtained when 
the number of nucleotides does not grow beyond large numbers (bearing in mind a maximum number which is 
fixed in groups 4 to 18 by the maximum lengths of the sequences concerned). For the selective identification 

60 of Neisseria gonorrhoeae versus other Neisseria most preferred probes have sequences comprising from 15 
to 27 nucleotides, said sequences being fully included in any of the sequences of group 1. Selectivity for N. 
gonorrhoeae is still retained with probes' whose sequences overlap regions of corresponding nucleic acids of 
groups 1 and either 2 or 3 (or are specifically contained in sequences belonging to the nucleic acids of group 2 
or 3 only), (or are specifically contained in sequences contained in the nucleic acids of group 3 only), yet 

65 subject to adjusting the hybridization and washing conditions more stringently. 
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The preferred probes are those which are complementary to the natural rRNAs concerned for they hybridize 
both with said RNAs and the corresponding DNA. 

Yet. those which have sequences included in said rRNAs, therefore which will only hybridize with the 
relevant natural DNAs and therefore are less sensitive as the preceding ones, are also part of the invention. 

Other groups of probes of the invention are constituted by those which are specific for Neisseria strains yet 5 
considered globally (as specified above) consist of groups 6, 7, 8, 10, 12, 14, 16 and 17 as above defined, if 
need be under appropriate adjustment of the hybridizing and washing conditions of the hybrid possibly 
formed. 

The probes according to the invention can be formed by cloning of recombinant plasmids containing inserts 
including the corresponding nucleotide sequences, if need be cleaving the latter out from the cloned plasmids w 
upon using the adequate nucleases and recovering them, e.g. by fractionation according to molecular weights. 

The probes according to the invention can also be synthetized chemically, for instance by the conventional 
phospho-triester method. 

Among the variants defined hereabove are included hybridization probes for detecting one or more 
Neisseria strains which target one of the sequences defined hereunder or the corresponding complementary 15 
sequence, when the hybridization medium or the wash medium or both as appropriate are the following ones : 
hybridization medium : containing about 3xSSC, (SSC = 0.15M NaCI, 0.015M sodium citrate, pH 7.0) about 
25mM of phosphate buffer pH 7.1, 20% deionized formamide 0.02% ffcoll, 0.02% bovine serum albumin, 
0.020/0 polyvinylpyrrolidone, and about 0.1 mg/ml sheared, denatured salmon sperm DNA, 
wash medium : containing about 3XSSC, 25 mM phosphate buffer pH 7.1, and 20% deionized formamide, 20 
wherein said target sequences and the corresponding relevant hybridization temperatures (HT) and wash 
temperatures (WT) respectively are as follows : 



25 
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AAGGCUGUUGCCAAUAUCGGCGGCCGA 
HT and/or WT : about 55 *C 
CAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGA 
HT and/or WT : about 60 *C 

CAGGGAAGAAAAGGCUGUUGCCAAOAOCGGCGGCCGAUGACGGUACC 
HT and /or WT : about 60 'C 

GGACUUUUGUCAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGAUGACGGUACC 

HT and/or WT : about 65 *C 

UUAGCUGUUGGGCAACUUGAUUGCUUGGUAGCGU 

HT and /or WT : about 55 *C to about 60 'C 

GUGGGGGAUACCAGAAGUAGGUAGGGUAACCGCAAGGAGUCCGCUUACCACGGUAU 

HT and/or WT : about 65 # C to about 70*C 

ACCUAGGUCCGGCGGAAAUCGGACUGA 

HT and/or WT : about 55 *C 

ACCUAGGUCCGGUCGGAAAUCGGACUGA 

HT and/or WT : about 55 *C to about 60 *C 

GCAGCACAGGGAAGCUUGCUUCUCGGGUGGCG 

HT and /or WT : about 55 'C to about 60 *C 

UAUGCCCUCUAAGGUUAAGGACUUGCUCCGUAAGCCCCG 

HT and/or WT : about 60*C to about 65 

GCGGGGGAGCUGGCAAUAAAGCUAUGAUUCCGC 

HT and/or WT : about 55*C r 

GUUCUGAACOGGGUGACUCGAGUGUGUC 

HT and/or WT : about 55 *C to about 60*C, 

GCAUACGUCUUGAGAGGGAAAGCA 

HT and/or WT : about 45 *C, 

UGUACGUAAUAACUGUCGAGA 

HT and /or WT : about 40 *C to about 45 *C, 

UCOCAACAGCGGOACUAAGCGUACGAAA 

HT and/or WT : about 50*C to about 55 *C, 

UGUCUACGGACACGAAGCAACCGAUACCAC 

HT and /or WT : about 50 *C to about 60* C, 
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UUAGGUUGGCAAGCUGUUGGAAUAGCUO 

HT and/or WT : about 50 *C to about 55 'C, 

AGCUGGUUGGCGGGGUAAAGGCCCACCA 

HT and/or WT : about 45 *C. 

It should be emphasized that the indicated temperatures are valid only under the conditions mentioned 
above. Other hybridization or wash media can be used as well. However, when modifications are introduced, 
be it either in the probes or in the media, the temperatures at which the probes can be used to obtain the 
required specificity, should be changed according to known relationships, such as those described in the 
following reference : B.D. Hames and S.J. Higgins, (eds.). Nucleic acid hybridization. A practical approach, IRL 
Press, Oxford, U.K., 1985. 

Among the variants defined hereabove are included hybridization probes for detecting one or more 
Neisseria gonorrhoeae strains which target one of the sequences defined hereunder or the corresponding 
complementary sequence, when the hybridization medium or the wash medium or both as appropriate are the 
following ones : , , _ „ . ^ 

hybridization medium : containing about 3xSSC, (SSC = 0.1 5M NaCI, 0.015M sodium c.trate, P H 7.0) about 
25mM of phosphate buffer pH 7.1. 20% deionized formamide 0.02% ficoil, 0.02% bovine serum aJbumin, 
0 02% polyvinylpyrrolidone, and about 0.1 mg/ml sheared, denatured salmon sperm DNA. 
wash medium : containing about 3XSSC, 25 mM phosphate buffer pH 7.1, and 20% deionized formamide, 
wherein said target sequences and the corresponding relevant hybridization temperatures (HT) and wash 
temperatures (WT) respectively are as follows : 

AAGGCUGUUGCCAAUAUCGGCGGCCGA 

HT and/or WT : about 50* C to about 65 *C 

CAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGA 

HT and /or WT : about 60 *C to about 70 *C 

CAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGAUGACGGUACC 

HT and/or WT : about 65 *C to about 70*C 

GGACUUUUGUCAGGGAAGAAAAGGCUGUUGCAAUAUCGGCGGCCGAUGACGGUACC 

HT and/or WT : about 70 *C to about 75 *C 

UUAGCUGUUGGGCAACUUGAUUGCUUGGUAGCGU 

HT and/or WT : about 65 *C 

GCAGCACAGGGAAGCUUGCUUCUCGGGUGGCG 

HT and/or WT : about 65'C 

GCGGGGGAGCUGGCAAUAAAGCUAUGAUUCCGC 

HT and/or WT : about 65 *C 

GCAUACGUCUUGAGAGGGAAAGCA 

HT and/or WT : about 50 *C to about 55 *C 

AGCUGGUUGGCGGGGUAAAGGCCCACCA 

HT and/or WT : about 60* C. 



Preferred probes of the invention for detecting Neisseria gonorrhoeae strains are those of groups (1) to (4), 
provided that the probe does not consist of the following sequence: 
TCA TCG GCC GCC GAT ATT GGC 
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The invention also relates to probes of the above mentioned sequences which can discriminate between 
organisms with DNA:DNA hybridization homology values between about 55% to about 75%. 

In view of the evolution of rRNA molecules, it seems reasonable that rRNA derived hybridization probes, 
which allow discrimination between highly related taxa (more than 55 % DNA homology) other than those 
5 found within the Neisseria group (e.g. in Bordetella ), can be constructed also. 

It is conceivable that these highly specific probes can be obtained from the sequences found in the same 
regions of the rRNA molecules than those in which specific sequences for Neisseria gonorrhoeae were found 
(e.g. regions I, II and HI in Fig. 1, in the case of 16S rRNA). These regions can be easily located after proper 
alignment of the total or partial rRNA sequence of the organism concerned with the rRNA sequence of E. coli . 
10 These regions will correspond to the regions found between nucleotides : 
(i) 69 to 99 for region I 
(ti) 432 to 488 for region II 

(iii) 825 to 858 for region III in the 16S rRNA molecule of E. coli , in which the numbering refers to the 16S 
rRNA sequence of E. coli shown in Fig. 8, and between nucleotides : 77 to 109 
15 in the 23S rRNA molecule of E. coli . in which the numbering refers to the partial 23S rRNA sequence of E. coli 
shown in Fig. 9. 
However it should be emphasized that : 

(i) highly specific probes can be constructed from other regions as well, and 

(ii) some of these regions can be absent in the rRNA molecules of certain taxa (due to mutations during 
20 evolution). 

The invention also relates to a process for detecting Neisseria strains in a biological sample, wherein said 
process comprises contacting said biological sample in which the nucleic acids (DNAs and RNAs) have been 
made accessible to hybridization, if need be under suitable denaturation conditions, with a probe of the 
invention under conditions enabling hybridization between the probe and complementary nucleic acids of the 
25 Neisseria strains, which may be present in the sample, and detecting the hybrids possibly formed. 

The process relates to the detection of Neisseria strains being directly in the sample of after the strain has 
been cultured. 

The detection of a hybrid can be interpreted as meaning that a Neisseria infection was present in the 
biological sample, when any of the probes of groups 1 to 18 is being used, and even more specifically that a 
30 Neisseria gonorrhoeae infection was present when the probe used had a sequence belonging to a nucleic acid 
of groups 4, 5, 9, 1 1 , 13 or 18, possibly under suitable hybridizing conditions, and even more so when the probe 
had a sequence belonging to a sequence of group 3, group 2 or even more preferably group 1. 

According to an advantageous embodiment of the invention, in the process for detecting Neisseria strains, 
the probes used are the ones hybridizing both with DNA globally and RNA of the Neisseria strains which may 
35 be present in the biological sample. 

The hybridization conditions can be monitored relying upon several parameters, e.g. hybridization 
temperature, the nature and concentration of the components of the media, and the temperature under which 
the hybrids formed are washed. 

The hybridization temperature is limited in upper value, according to the probe (its nucleic acid composition, 
40 kind and length) and the maximum hybridization temperature of the probes described herein is about 55° C to 
75° C. At higher temperatures duplexing competes with the dissociation (or denaturation) of the hybrid formed 
between the probe and the target. 

The hybridization temperature is preferably comprised from about 45° C to about 70° C, particularly from 
about 45° C to about 65° C. 

45 A preferred hybridization medium contains about 3xSSC, (SSC = 0,15 M NaCI, 0,015 M sodium citrate, pH 
7.0) about 25mM of phosphate buffer pH 7.1 . and 20% deionized formamide, 0.02% ficoll, 0.02% bovine serum 
albumin, 0.02% polyvinylpyrrolidone, and about 0.1 mg/ml sheared, denatured salmon sperm DNA. 

The washing temperature is comprised in the range from about 50° C to about 75° C. 

The process for detecting Neisseria strains generally, according to the invention can be carried out by 
SO suitably adjusting the hybridization temperature to a value at which hybridization is specific, and in such a case 
washing under more stringent conditions is not necessary. 

According to another embodiment of the process of the invention, the hybridization temperature needs not 
necessarily be adjusted to the value at which hybridization is specific and in particular can be lower than the 
temperature at which hybridization is specific, provided washing is carried out at a temperature corresponding 
55 , to the value at which hybridization is specific. 

In a process embodiment for detecting Neisseria strains generally (and for distinguishing them from other 
bacterial taxa) with a probe of group 6. the hybridization temperature is suitably adjusted to range of about 
65' C and/or the wash temperature to range from about 65° C to about 70° C, the media being those above 
defined. 

60 In another process embodiment for detecting Neisseria strains generally the probe used is anyone of 
group 7 above defined, the hybridization temperature is suitably adjusted to range of about 55" C and/or the 
wash temperature to range of about 55° C. 

In a further process embodiment for detecting Neisseria strains generally, the probe used is anyone of 
group 1 above defined. 

65 The hybridization temperature is suitably adjusted to range of about 55° C, preferably of about 53° C, and/or 
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the wash temperature to range of about 55° C, preferably of about 53° C, the hybridization medium being the 
one above defined. 

In a further process embodiment for detecting Neisseria strains generally, the probe used is anyone of 
group 2 above defined. 

The hybridization temperature is suitably adjusted to range of about 60° C and/or the wash temperature to 5 
range of about 60° C. the hybridization medium being the one above defined. 

In a further process embodiment for detecting Neisseria strains generally, the probe used is anyone of 
group 3 above defined. 

The hybridization temperature is suitably adjusted to range of about 60° C and/or the wash temperature to 
range of about 60° C, the hybridization medium being the one above defined. 10 

In a further process embodiment for detecting Neisseria strains generally, the probe used is anyone of 
group 4 above defined. 

The hybridization temperature is suitably adjusted to range of about 65° C and/or the wash temperature to 
range of about 65° C, the hybridization medium being the one above defined. 

In a further process embodiment for detecting Neisseria strains generally, the probe used is anyone of 15 
group 5 above defined. 

The hybridization temperature is suitably adjusted to range of about 55° C and/or the wash temperature to 
range of about 55* C, the hybridization medium being the one above defined. 

In a further process embodiment for detecting Neisseria strains generally, the probe used is anyone of 
group 8 above defined. 20 

The hybridization temperature is suitably adjusted to range of about 55° C and/or the wash temperature to 
range of about 55° C to about 60° C, the hybridization medium being the one above defined. 

In a further process embodiment for detecting Neisseria strains generally, the probe used is anyone of 
group 9 above defined. 

The hybridization temperature is suitably adjusted to range of about 60° C and/or the wash temperature to 25 
range of about 60° C, the hybridization medium being the one above defined. 

In a further process embodiment for detecting Neisseria strains generally, the probe used is anyone of 
group 10 above defined. 

The hybridization temperature is suitably adjusted to range of about 55° C and/or the wash temperature to 
range of about 55° C to about 60° C, the hybridization medium being the one above defined. 30 

In a further process embodiment for detecting Neisseria strains generally, the probe used is anyone of 
group 11 above defined. 

The hybridization temperature is suitably adjusted to range of about 55° C and/or the wash temperature to 
range of about 55° C, the hybridization medium being the one above defined. 

In a further process embodiment for detecting Neisseria strains generally, the probe used is anyone of 35 
group 12 above defined. 

The hybridization temperature is suitably adjusted to range of about 55° C to about 60° C and/or the wash 
temperature to range of about 55° C to about 60° C, the hybridization medium being the one above defined. 

In a further process embodiment for detecting Neisseria strains generally, the probe used is anyone of 
group 13 above defined. 40 

The hybridization temperature is suitably adjusted to range of about 45° C and/or the wash temperature to 
range of about 45° C, the hybridization medium being the one above defined. 

In a further process embodiment for detecting Neisseria strains generally, the probe used is anyone of 
group 14 above defined. 

The hybridization temperature is suitably adjusted to range of about 40° C to about 45° C and/or the wash 45 
temperature to range of about 40° C to about 45° C, the hybridization medium being the one above defined. 

In a further process embodiment for detecting Neisseria strains generally, the probe used is anyone of 
group 15 above defined. 

The hybridization temperature is suitably adjusted to range of about 50° C to about 55° C and/or the wash 
temperature to range of about 50° C to about 55° C, the hybridization medium being the one above defined. 50 

In a further process embodiment for detecting Neisseria strains generally, the probe used is anyone of 
group 16 above defined. 

The hybridization temperature is suitably adjusted to range of about 50° C to about 60° C and/or the wash 
temperature to range of about 50" C to about 60° C, the hybridization medium being the one above defined. 

In a further process embodiment for detecting Neisseria strains generally, the probe used is anyone of 55 
group 17 above defined. 

The hybridization temperature is suitably adjusted to range of about 50° C to about 55° C and/or the wash 
temperature to range of about 50° C to about 55° C, the hybridization medium being the one above defined. 

In a further process embodiment for detecting Neisseria strains generally, the probe used is anyone of 
group 18 above defined. 60 

The hybridization temperature is suitably adjusted to range of about 45" C and/or the wash temperature to 
range of about 45° C, the hybridization medium being the one above defined. 

The invention further relates also to a process for detecting Neisseria gonorrhoeae strains from other 
Neisseria strains in a biological sample, and advantageously for differentiating Neisseria gonorrhoeae strains 
from highly related taxa such as N. meningitidis , wherein said process comprises contacting said biological 65 
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sample, in which the nucleic acids {DNAs and RNAs) have been made accessible to hybridization, if need be, 
under suitable denaturation conditions, with a probe of the invention specific for Neisseria gonorrhoeae 
strains and selected from groups 1 to 5, 9, 11 , 13 and 18, whenever required, under hybridization and washing 
conditions adjusted such as to ensure specific hybridization with complementary nucleic acids of the 
5 Neisseria gonorrhoeae strains, which may be present in the sample, yet not wth complementary DNA or RNA 
of other Neisseria species, and detecting the hybrids possibly formed. 

The other Neisseria strains from which the N. gonorrhoeae strains can be specifically differentiated are for 
instance N. lactamica , N. mucosa , N. subflava, N. flavescens, and N. elongata. 

In this respect, the hybridization temperature is preferably comprised from about 50° C to about 75° C. 
10 A preferred hybridization medium contains about 3xSSC, (SSC = 0.15M NaCI. 0.015M sodium citrate, pH 
7.0) about 25mM of phosphate buffer pH 7.1 , and 20% deionized formamide, 0.02% ficoll, 0.02% bovine serum 
albumin, 0.02<Vo polyvinylpyrrolidone, and about 0.1 mg/ml sheared, denatured salmon sperm DNA, and a 
preferred wash medium contains about 3XSSC, 25 mM phosphate buffer pH 7.1, and 20% deionized 
formamide. 

15 The wash temperature is comprised from about 50° C to about 70° C. 

In a process embodiment for detecting Neisseria gonorrhoeae , the probe used belongs to group 2 above 
defined, the hybridization temperature is suitably adjusted to range about 60° C, and/or the wash temperature 
to range from about 65° C to about 70° C, preferably about 65° C, the medium being the one above defined. 
In a process embodiment for detecting Neisseria gonorrhoeae , the probe used belongs to group 3 above 
20 defined, the hybridization temperature is suitably adjusted to range of about 60° C, and/or the wash 
temperature to range from about 65° C to about 70° C, preferably about 65° C, the medium being the one above 
defined. 

In another process embodiment for detecting Neisseria gonorrhoeae , the probe used belongs to group 4 
above defined, the hybridization temperature is suitably adjusted to range of about 65° C, and/or the wash 
25 temperature for range from about 70° C to about 75° C, preferably about 70° C. 

In a further preferred embodiment for detecting Neisseria gonorrhoeae , the probe used belongs to group 5 
above defined, the hybridization temperature is suitably adjusted to range of about 60° C, and/or the wash 
temperature to range of about 65° C. 

In a further preferred embodiment for detecting Neisseria gonorrhoeae , the probe used belongs to group 9 
30 above defined, the hybridization temperature is suitably adjusted to range of about 60° C to about 65° C, and 
the wash temperature to range of about 65° C. 

In another process embodiment for detecting Neisseria gonorrhoeae , the probe used belong to group 1 1 , 
the hybridization temperature and/or the wash temperature is suitably adjusted to about 65° C. 

In a process embodiment for detecting Neisseria gonorrhoeae , the probe used belongs to group 13 above 
35 defined, the hybridization temperature is suitably adjusted to range about 50° C to about 55° C, and/or the 
wash temperature to range from about 50° C to about 55° C, the medium being the one above defined. 

In a process embodiment for detecting Neisseria gonorrhoeae , the probe used belongs to group 18 above 
defined, the hybridization temperature is suitably adjusted to range about 60° C, and/or the wash temperature 
to range about 60° C, the medium being the one above defined. 
40 According to another particularly preferred process embodiment for detecting Neisseria gonorrhoeae , the 
probe used belongs to group 1 above defined, the hybridization temperature is suitably adjusted to range of 
about 55° C. preferably of about 53° C, and/or the wash temperature to range from about 55° C to about 65° C, 
preferably from about 53° C to about 65° C, more preferably of about 53° C. 

In a preferred process of the invention for detecting N. gonorrhoeae , the probe used belongs to anyone of 
45 groups (1) to (4), provided that the probe does not consist of the following sequence: 
TCA TCG QCC GCC GAT ATT GGC 

The invention also relates to a kit for the detection in vitro of a large number, preferably all Neisseria strains 
in a biological sample containing : 

- at least one probe selected among any of those which have been defined above ; 

SO - the buffer or components necessary for producing the buffer enabling an hybridization reaction between 
these probes and the DNAs and/or RNAs of a strain of Neisseria to be carried out. 

- when appropriate means for detecting the hybrids resulting from the preceding hybridization. 
The invention further relates to a kit for detecting specifically N. gonorrhoeae strains containing : 

- least one probe selected among any of those that are specific for N. gonorrhoeae as above defined, e.g. a 
55 probe of groups (2), (3), (4), (5). (9), (11), (13) or (18), preferably a probe of group (1) ; 

- the buffer or components necessary for producing the buffer enabling an hybridization reaction between 
these probes and only the DNAs and/or RNAs of a strain of Neisseria gonorrhoeae to be carried out. 

In a preferred kit for detecting N. gonorrhoeae strains, the probe belongs to groups (1) to (4), provided that 
the probe does not consist of the following sequence: 
60 TCA TCG GCC GCC GAT ATT GGC 

The invention relates to a kit for detecting a large number, preferably all Neisseria strains and specifically 
Neisseria gonorrhoeae strains containing : 

- at least one probe selected among any of those that have been above defined, e.g. a probe of groups (1) to 
(18), more preferably a probe of groups (6). (7). (8), (10). (12), (14), (15). (16) or (17) ; 

65 - the buffer ready for use or components in appropriate proportions necessary for producing the buffer 
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enabling an hybridization reaction between these probes and the DNAs and/or RNAs of a large number, 
preferably all strains of Neisseria to be carried out, 

- at least one probe selected among any of those that are specific for Neisseria gonorrhoeae as above defined, 
e.g. a probe of groups (2), (3). (4), (5). (9). (1 1), (13) or (18) or more preferably a probe of group (1 ) ; 

- the buffer ready for use or components necessary in appropriate proportions for producing the buffer 5 
enabling an hybridization reaction between these probes and only the DNAs and/or RNAs of a strain of 
Neisseria gonorrhoeae to be carried out. 

In a preferred kit for detecting Neisseria strains and specifically N. gonorrhoeae strains, the probe used for 
detecting N. gonorrhoeae strains belongs to groups (1) to (4) provided that the probe does not consist of the 
following sequence: 10 
TCA TCG GCC GCC GAT ATT GGC 

CONDITIONS OF THE USE OF PROBES : 

The probes of the invention are advantageously labeled. Any conventional label can be used. The probes 
can be labeled by means of radioactive tracers such as 32 P, 3S S, 125 l, 3 H and 14 C. 15 

The radioactive labeling can be carried out according to any conventional method such as terminal labeling 
at the 3' or 5' position with the use of a radio-labeled nucleotide, a polynucleotide kinase (with or without 
dephosphorylation by a phosphatase) or a ligase (according to the extremity to be labeled). One of the probes 
of the invention can be the matrix for the synthesis of a chain consisting of several radioactive nucleotides or of 
several radioactive and non radioactive nucleotides. The probes of the invention can also be prepared by a 20 
chemical synthesis using one or several radioactive nucleotides. Another method for radioactive labeling is a 
chemical iodination of the probes of the invention which leads to the binding of several 125 l atoms on the 
probes. 

If one of the probes of the invention is made radioactive to be used for hybridization with a non radioactive 
RNA or DNA, the method of detecting hybridization will depend on the radioactive tracer used. Generally, 25 
autoradiography, liquid scintillation, gamma counting or any other conventional method enabling one to detect 
an ionizing ray issued by the radioactive tracer can be used. 

Non radioactive labeling can also be used by associating the probes of the invention with residues having : 
immunological properties (e.g. antigen or hapten), a specific affinity for some reagents (e.g. ligand), properties 
providing a detectable enzymatic reaction (e.g. enzyme, co-enzyme, enzyme substrate or substrate taking 30 
part in an enzymatic reaction), or physical properties such as fluorescence or emission or absorbtion of light at 
any wave length. Antibodies which specifically detect the hybrids formed by the probe and the target can also 
be used. 

A non-radioactive label can be provided when chemically synthesising a probe of the invention, the 
adenosine, guanosine, cytidine, thymidine and uracyl residues, thereof being liable to be coupled to other 35 
chemical residues enabling the detection of the probe or the hybrids formed between the probe and a 
complementary DNA or RNA fragment. However, the nucleotide sequence of the probe when modified by 
coupling one or more nucleotides to other chemical residues, would be the same as the nucleotidic sequence 
of one of the probes of the invention. 

The invention also relates to processes for detecting by hybridization RNA and/or DNA with the probes of 40 
the invention, which have been labeled and can be detected as described above. In this regard, conventional 
methods of hybridization can be used. 

For detecting cells coming from or being themselves living organisms, the RNA and/or DNA of these cells if 
need be, is made accessible by partial or total lysis of the cells, using chemical or physical processes, and 
contacted with one or several probes of the invention which can be detected. This contact can be carried out 45 
on an appropriate support such as a nitrocellulose, cellulose, or nylon filter in a liquid medium or in solution. 
This contact can take place under sub-optimal, optimal conditions or under restrictive conditions (i.e. 
conditions enabling hybrid formation only if the sequences are perfectly homologous on a length of molecule). 
Such conditions include temperature, concentration of reactants, the presence of substances lowering the 
optimal temperature of pairing of nucleic acids (e.g. formamide, dimethylsulfoxide and urea) and the presence 50 
of substances apparently lowering the reaction volume and/or accelerating hybrid formation (e.g. dextran 
sulfate, polyethyleneglycol or phenol). 

The elimination of probe of the invention which has not hybridized can be carried out by washing with a 
buffer solution of appropriate ionic strength and at an appropriate temperature, with or without treatment with 
S1 nuclease or any other enzyme digesting single strand DNA or RNA but not digesting DNA-RNA hybrids or 55 
double strand DNA. 

In a liquid medium, the hybrids of the probes of the invention paired to the cellular DNA or RNA fragments 
can be separated from the rest of the liquid medium in different ways, e.g. by chromatography over 
hydroxyapatite. 

Then the hybridized probes are detected by means of the label on the probe. 60 
In order to target the Neisseria chromosomal DNA fragments carrying the genes coding for the RNA 
fragments from which the labeled probes of the invention derive, after treating DNA by one or several enzymes 
and denaturation of DNA fragments (i.e. separation of both chains), one of the probes of the invention is 
contacted with the DNA fragments under the conditions enabling hybridization and after the time necessary to 
get to the end of the hybridization, the non-hybridized fragments are separated from the hybridized fragments 65 
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and the label is detected as it has been described above far the detection of the cells. 

Generally speaking, the different probes of the invention can also be contained in recombinant DNA 
enabling their cloning, if the presence of a heterologous DNA is not a nuisance for the specificity of the probes 
in the encompassed uses. 

5 More precisely, the examples hereafter relate to the preparation of the probes of the invention respectively 
corresponding to the sequences (1), (2), (3), (4), (5), (6), (7). (8), (9), (10), (11), (12), (13). (14), (15), (16). (17) 
and (18) above described and hereafter mentioned respectively as probes n° 1, n°2, n° 3, n° 4, n° 5, n° 6, n° 7, 
n' 8, n° 9, n° 10, n° 11, n° 12, n° 13, n° 14, n° 15, n° 16, n" 17 and n° 18. 

10 MATERIAL AND METHODS 

1) Organisms and media used : 

The following strains were cultured as described by Rossau et al. (1986) : Neisseria gonorrhoeae NCTC 
8375 T , Neisseria meningitidis NCTC 10025 T , Neisseria lactamica NCTC 10617 T , Neisseria mucosa CIP 59.51 T , 

15 Neisseria subflava ATCC 10555, Neisseria flavescens ATCC 13120 T , Neisseria elongata ssp. elongata NCTC 
10660 r , and Moraxella ( Branhamella ) catarrhalis NCTC4103. Eight randomly chosen N. gonorrhoeae strains 
and nine N. meningitidis strains (from different serotypes) were cultured overnight on blood agar plates at the 
Institute of Tropical Medicine, Antwerp, Belgium. The identity of the strains was checked by conventional 
methods. Purified genomic DNA from the remaining strains was provided by J. De Ley (Lab. Microbiology, 

20 State University Gent, Belgium). 

2) DNA preparations : 

High-molecular weight genomic DNA was prepared essentially by the method described by Marmur (1961 ). 
Plasmid DNA was isolated by the method described by Kahn at al. (1979) and purified by CsCI-gradient 
25 centrifugation. 

3) Fixation of denatured DNA on nitrocellulose membranes : 

The DNA solution was heated for 10 min. at 95° C. put on ice, and adjusted to 6XSSC (SSC : 0.15M NaCI, 
0.015M sodium citrate, pH 7.0). The appropriate amount of solution was applied to a BA85 membrane 
30 (Schleicher & Schuell, W.-Germany) in a dot-spot manifold. After air drying, the membrane was baked at 80° C 
for 2 h. 

4) Construction of pNGD1 and pNGK3 : 

The plasmids pNGD1 and pNGK3 contain the probes n° 3 and n° 6 as an insert respectively. They were 
35 constructed from pNG4 and pNG3 respectively, which are pTZ18R (Pharmacia, Sweden) derived recombinant 
plasmids which contain part of the 16S rRNA gene of Neisseria gonorrhoeae NCTC 8375 T . In the case of 
pNGD1 , a 71 basepair Stul-Kpnl fragment was subcloned and 25 basepairs beginning from the Stul site were 
subsequently removed by Exonuclease III (Stratagene, U.S.A.) and mung bean nuclease (Stratagene, U.S.A.) 
treatment. For the construction of pNGK3, 63 basepairs were likewise removed from the 3' end of the insert of 
40 pNG3. The resulting plasmid was cleaved with Sphl and BstXI. followed by blunting of the sticky-ends and 
intramolecular ligation. The restriction enzymes were purchased from Boehringer Mannheim (W.-Germany) or 
Bio Labs (U.S.A.) and used as recommended by the suppliers. 

5) DNA sequence determination : 

45 The inserts of pNGD1 and pNGK3 were sequenced by the dideoxy chain-termination method on supercoiled 
plasmid DNA as described in the GemSeq K/RT© Sequencing System technical manual (Promega, U.S.A.). 

6) Oligonucleotide synthesis and purification : 

The oligonucleotides were synthetized by the phosphite-triester method on a Gene Assembler 18-5800-01 
50 (Pharmacia, Sweden) or a Cyclone 8400 (New Brunswick. U.S.A.). The deprotected oligonucleotides were 
purified on a 15% polyacrylamide gel in 7M ureum. After overnight elution, they were desalted on a Sephadex 
G-25 (Pharmacia, Sweden) column. 

7) Probe labeling : 

55 The synthetic oligonucleotides used as probes were labeled using T4-pofynucleotide kinase (Pharmacia, 

Sweden) and gamma- 32 P-dATP (Amersham, U.K.) (Maniatis et al., 1982). 

To eliminate interference due to vector sequences during hybridization, the inserts of pNGD1 and pNGK3 

were cut out using restriction enzymes and purified by agarose gel electrophoresis. The purified inserts were 

labeled by filling in the sticky-ends with aipha- 32 P-dATP (Amersham, U.K.) using Klenow enzyme (Boehringer 
60 Mannheim, W.-Germany) (Maniatis et al., 1982). Unincorporated label was removed using a Bio-Gel P-6DG 

(Bio-Rad Laboratories, U.S.A.) spin-column. 

. 8) Hybridizations : 

A general hybridization protocol was followed in all experiments except that the conditions were adapted to 
65 the nature of the probes used. Prehybridization was usually performed in plastic bags in 3xSSC, 25 mM 
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phosphate buffer pH 7.1 (FB). 20% deionized formamide (FA). 0.02% ficoll, 0.02% bovine serum albumin, 

0. 02% polyvinylpyrrolidone, and 0.1mg/ml sheared, denatured salmon sperm DNA at the same temperature as 
the hybridization for 30 min. to 4 h. Hybridizations were performed during 1 h to overnight in the same solution 
to which approximately 0.5 to 1 x 10 6 cpm/ml 32 P-probe was added. The hybridization temperature (HT) varied 

from experiment to experiment. Following a brief rinse in 3xSSC, 25mM FB and 20% FA at room temperature, 5 
the membranes were washed for 15 to 30 min. in 3xSSC, 25mM FB and 20% FA at the wash temperature (WT) 
indicated in the figures. Afterwards the membranes were rinsed in 1.5xSSC at room temperature for 
approximately 10 min., dried and autoradiographed. 

RESULTS: 10 

1) Probes used: 

In order to select Neisseria gonorrhoeae specific probes, one of the rRNA cistrons of the type strain of 
gonorrhoeae was cloned and sequenced. Evolutionarily less-conserved regions within the cistron were 
identified by alignment with known sequences. Some of the regions were subcloned (probes n° 3 and 6) or 15 
chemically synthesized (probes n° 1, 2, 4, 5, 7, 8, 9, 10, 11 12, 13, 14, 15, 16, 17 and 18) and used as 
hybridization probes. Fig. 1 represents the allocations of the regions for which DNA-probes were constructed 
and used on the 16S rRNA secondary $tructure of Escherichia coli (Woese et a!., 1983). These regions are 
indicated by an heavy bar and numbered by Roman numerals. Probe n° 9 was derived from region I, probes 
n° 1 to 4 were derived from region II, and probes n° 5 and 6 from regions III and IV respectively. 20 

In Fig. 2 the complementary sequences of the probes according to the invention n° 1 , n° 2, n° 3, n° 4, n° 5, 
n° 6 and n° 9 are aligned with the corresponding sequences of Pseudomonas testosteroni ATCC 11996 (Yang 
et al., 1985), the closest phylogenetic neighbour of Neisseria from which the 16S rRNA sequence is published 
and with the corresponding sequences of Escherichia coli (Brosius et al., 1978). 

In Fig. 3 the complementary sequences of probes n° 7, n° 8, n° 10 and n° 11 derived from the 23S rRNA 25 
gene are aligned with the corresponding Escherichia coli sequences (Brosius et al., 1980). 

From region II (in Fig. 1) of the 16S rRNA. four probes with different lengths (27. 37, 47 and 57 bases for 
probes n° 1 , n° 2, n° 3 and n° 4 respectively) were tested. The probes n° 7 and n° 8 were derived from the 
same region in the 23S rRNA. The sequence of probe n" 8 is identical to the sequence of probe n° 7. except 
that in probe n° 8 an adenosine residue was inserted (see Fig. 3). From all other regions one probe only was 30 
used in the experiments. 

Figure 1 1 represents the allocations of the regions from which probes of the invention were constructed on 
the presumptive 16S rRNA recombinant structure of Neisseria gonorrhoeae . 

These regions are indicated by heavy bars and numbered by Roman numerals. The corresponding 
probe-number is indicated between brackets. 35 

Figure 12 represents the allocation of the regions from which probes of the invention were constructed on 
the 23S rRNA secondary structure of Escherichia coli (Noller, Ann. Rev. Biochem. 53: 119-162, 1984). 

These regions are indicated by heavy bars and numbered by Roman numerals. The corresponding 
probe-number is indicated between brackets. 

40 

2) Specificity of the probes : 

a.1) Study of probes n° 1 to n° 11 : 

The criterion for specificity was the ability to differentiate between Neisseria gonorrhoeae and N. 
meningitidis strains. Several independent studies (Kingsbury. 1967 ; Elwell and Falkow. 1977 ; Hoke and 45 
Vedros, 1982 ; Riou at al., 1983 ; Guibourdenche etal., 1986) have shown that, despite their distinct pathogenic 
character both species are genotypicaliy extremely highly related. The DNA:DNA hybridization homology 
values reported between representatives of both species range between 64 and 93%. These values are most 
often found among members of the same species, being recalled that a consensus on the definition of a 
species has been reached (Wayne et al., 1987) which states that "a species generally would include strains 50 
with approximately 70% or greater DNA-DNA relatedness and with 5°C or less delta Tm". According to this 
definition N. gonorrhoeae and N. meningitidis should be considered as subspecies of one and the same 
species (Guibourdenche et al., 1986). 

In a first series of experiments, 1 u.g of denatured DNA of Neisseria gonorrhoeae NCTC 8375 T (NG), 
Neisseria meningitidis NCTC 10025 T (NM), and Escherichia coli B (EC) was spotted onto membranes and 55 
hybridized at the temperature (HT:i.e. hybridization temperature) and with the probes indicated in Fig. 4. 
Following hybridization the membranes were washed for 15 min. at different wash temperatures (WT), dried 
and autoradiographed for 24 h with an intensifying screen at -70° C. From the autoradiographs in Fig. 4, it is 
clear that all probes derived from regions I, II and III (Fig. 1) of the 16S rRNA (probes n° 1 to 5 and probe n° 9) 
and one probe (n° 11) of the 23S rRNA are specific for N. gonorrhoeae at the appropriate wash temperature, 60 

1. e. 

- at a wash temperature of 55, 60 and 65° C for probe n° 1, 

- at a wash temperature of 60, 65 and 70° C for probe n° 2, 

- at a wash temperature of 65° C for probe n° 3, 

- at a wash temperature of 70 and 75° C for probe n° 4, 65 
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- at a wash temperature of 65° C for probe n° 5. 

- at a wash temperature of 65° C for probe n° 9. 

- at a wash temperatureof 65° C for probe n° 11. 

By comparison, the autoradiographs in Fig. 4 show that probes n° 6, n s 7, n° 8 and n° 10 are not specific for 
5 N. gonorrhoeae . 

The hybridization results of probes n° 1, n° 5 and n° 9 with genomic DNA from randomly chosen N. 
gonorrhoeae and N. meningitidis strains are presented in Fig. 5. One u.g denatured DNA from nine Neisseria 
gonorrhoeae strains (row A. B and C, 1 to 3), ten Neisseria meningitidis strains (row D, E and F, 1 to 3 and row 
G, 1), and one strain each of Pseudomonas testosteroni (row G, 2) and Escherichia coli (row G, 3) were 

10 spotted onto nitrocellulose, hybridized with probe n° 1 (panel A), probe n° 5 (panel B) and probe n° 9 (panel 
C) at 50° C, 55° C, and 60° C respectively and washed at the temperature indicated. The autoradiographs in 
Fig. 5 show that the probes n° 1 , n° 5 and n° 9 duplex with the DNA from all N. gonorrhoeae strains tested. 
Probes N° 5 and n° 9 were specific for N. gonorrhoeae strains at high stringencies only (for instance 
hybridization temperature of 55° C, wash temperature of 65° C, in the case of probe n° 5) whereas probe n° 1 

15 remained specific at low stringency conditions (hybridization temperature of 50° C, wash temperature of 50° C 
or 55° C). In view of the sequence conservation within rRNA cistrons, it seems unlikely that the latter probe will 
not form stable duplexes with the nucleic acid from other N. gonorrhoeae strains under these non-stringent 
conditions. 

If a taxon-specific rRNA-derived DNA-probe does not detect nucleic acid from closely related organisms, 

20 the probability that it will detect nucleic acid from more remotely organisms can considered to be very small. 
This is shown by Fig. 6 corresponding to an experiment in which probes n° 3, n° 5, n° 6 and n° 7 were 
hybridized with genomic DNA of seven Neisseria species and some other Gram-negative bacteria. More 
precisely, Fig. 6 represents hybridization results of selected rRNA-derived DNA-probes with one u.g of 
denatured DNA of Neisseria gonorrhoeae NCTC 8375 T (row A.1), N. meningitidis NCTC 10025 1 " (row B.1), N. 

25 lactamica NCTC 10617 r (row C,1), N. mucosa CIP 59.51 T (row D,1), N. subflava ATCC 10555 (row E.1), N. 
flavescens ATCC 13120 T (row F,1), N. elongata ssp. elongata NCTC 10660 r (row A.2), Chromobacterium 
violaceum NCTC 9757 NT (row B.2). Pseudomonas testosteroni ATCC 17407 (row C,2), Haemophilus ducreyi 
CIP 542 (row D,2), Moraxella ( Branhamella ) catarrhal NCTC 4103 (row E,2). and Escherichia coli B (row F,2), 
spotted on nitrocellulose, hybridized at the temperature and with the probe indicated and washed at the 

30 temperature indicated. Under the conditions used, probes n° 3 and 5 did not form stable duplexes with any of 
the DNAs tested, except for N. gonorrhoeae DNA. Even the less-specific probes (n° 6 and 7) did not produce a 
detectable signal with non-neisserial DNA. It should be mentioned that probe n° 6 did hybridize with DNA from 
the type strain of Simonsiella crassa at 60° C in 3SSC and 20% FA. 

From the results shown in Fig. 4, 5 and 6, it is obvious that the specificity of the probes is highly dependent 

35 on the hybridization and wash conditions used. For instance, by simply altering the wash temperature, the 
detection-range of the probes can be extended, so that one and the same probe can be used to detect N. 
gonorrhoeae specifically, or a larger group of organisms. This is illustrated in Fig. 7 in which 1 u.g of 
dot-spotted denatured DNA from Neisseria gonorrhoeae NCTC 8375 T (NG), N. meningitidis NCTC 10025 T 
(NM), N. elongata ssp. elongata NCTC 10660 (NE), Chromobacterium violaceum NCTC 9575 T (CV), 

40 Pseudomonas testosteroni ATCC 17407 (PT), and Escherichia coli B (EC) was hybridized at 50° C with 
32 P-labeled probe n° 3 in the absence of fbrmamide. Afterwards the membranes were washed at 50, 60, 70 and 
80 1 C respectively in 3SSC and 25mM FB. The membranes were dried and autoradiographed overnight at 
-70° C with an intensifying screen. It results from this figure that the specificity of the probe decreases when 
wash temperatures are lowered. At 80° C. probe n° 3 is specific for N. gonorrhoeae DNA. At 70° C, this probe 

45 duplexes with N. gonorrhoeae and N. meningitidis DNA, and at 60° C with DNA from the three Neisseria 
species tested. However, even non-neisserial DNA could be detected when the wash temperature was 50° C. 

Table I below summarizes the temperature range in which the probes of the invention are specific for N. 
gonorrhoeae . For each probe this temperature range is between Ts and Td. Ts is the lowest temperature at 
which the probe is still specific for N. gonorrhoeae and Td is the temperature at which the probe-target duplex 

50 is completely dissociated. These values were obtained under the following conditions : 3 SSC, 25 mM FB pH 
7.1 and 20% FA. If these conditions the nature of the probe or the target are changed, the temperatures will 
change accordingly. The temperatures were experimentally determined using intervals of 5°C, hence the delta 
5' C range of Ts and Td. It is to be noted that probe n° 1 may also be specific at a temperature lower than 
45-50° C and that probes n° 6, n° 7, n° 8 and n° 10 are not specific for Neisseria gonorrhoeae . 

55 



60 



65 
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TABLE t 



Probe Ts(°C) Td(°C) 

1 45-50 65-70 

2 55-60 70-75 * 

3 60-65 70-75 

4 65-70 75-80 

5 60-65 65-70 

6 - 70-75 m 

7 - 55-60 

8 - 60-65 

9 60-65 65-70 

10 - 65-70 

11 60-65 65-70 '5 



a.2) Results concerning probe n° 1: 

Probe n° 1 was extensively tested using 202 N. gonorrhoeae strains and 84 N. meningitidis strains. 20 
The following method was used: 

A few colonies of each strain were applied to Biodyne A membranes which were placed for 3 minutes on 
Whatman 3MM paper saturated with 10% SDS. After drying, the membranes were baked for 2 h. at 80° C and 
hybridized for 1 to 2 h. at 53°C in hybrididization mixture to which about 10 s cpm/ml 32 P-labeled probe (n° 1) 
was added. 25 

The results are illustrated in Figure 15. In Figure 15, each number represents either a Neisseria gonorrhoeae 
or a N. meningitidis strain. The N. meningitidis strains are boxed. 

All N. gonorrhoeae strains gave an unequivocal positive signal after 3 h. exposure (at -80° C with intensifying 
screen). None of the N. meningitidis strains gave a positive results even after overnight exposure. The 
presence of a detectable amount of rRNA in the N. meningitidis spots was afterwards confirmed using a 30 
non-specific rRNA-derived probe. 

Other experiments showed that probe n° 1 also hybridized to DNA of Neisseria species strain ATCC 43831 
(see Fig. 16). In Figure 16, the hybridization results with probe n° 1 and DNA of Neisseria species strain ATCC 
43831 are represented: the hybridization and wash temperature was 52.5° C (in 3SSC, 25 mM PB< pH 7.1 and 
20% FA). 35 

This ATCC 43831 strain is an unclassified strain with intermediate characteristics between N. gonorrhoeae 
and N. menigitid is. 

As shown in Figure 17, probe n° 1 did not cross-hybridize with DNA of a variety of other bacteria. 

In Figure 17. the hybridization results of probe n°1 with 1 microgram of dot spotted genomic DNA of a 
variety of bacterial strains are represented : the location of the strains is given in Table II hereafter given and the 40 
hybridization and wash temperature was 52.5°C (in 3SSC, 25 mM PB, pH 7.1 and 200/o FA). 
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TABLE II 

Culture Collection 



1. 


Neisseria 


gonorrhoeae 


MCTC 5 


» 8375 T 


2. 


Neisseria 


gonorrhoeae 


ITG 


4339 


3. 


Neisseria 


gonorrhoeae 


ITG 


4085 


4 . 


Neisseria 


gonorrhoeae 


ITG 


4308 


5. 


Neisseria 


gonorrhoeae 


ITG 


3939 


6. 


Neisseria 


gonorrhoeae 


ITG 


4363 


7 . 


Neisseria 


gonorrhoeae 


ITG 


4367 


8 . 


Neisseria 


gonorrhoeae 


ITG 


4401 


9. 


Neisseria 


gonorrhoeae 


ITG 


4437 


10. 


Neisseria 


meningitidis 


MCTC 


10025 T 


11. 


Neisseria 


meningitidis 


ITG 


3342 


12. 


Neisseria 


meningitidis 


ITG 


3343 


13. 


Neisseria 


meningitidis 


ITG 


3345 


14. 


Neisseria 


meningitidis 


ITG 


3346 


15. 


Neisseria 


meningitidis 


ITG 


3348 


16. 


Neisseria 


meningitidis 


ITG 


3349 


17 . 


Neisseria 


meningitidis 


ITG 


3350 


18 . 


Neisseria 


meningitidis 


ITG 


3357 


19 . 


Neisseria 


meningitidis 


ITG 


3362 


20. 


Neisseria 


polvsaccharea 


CIP N462 T 


21. 


Neisseria 


lactamica 


MCTC 


10616 


22. 


Neisseria 


lactamica 


MCTC 


10617 T 


23. 


Neisseria 


lactamica 


ITG 


3689 


24. 


Neisseria 


lactamica 


ITG 


3690 


25. 


Neisseria 


cinerea 


MCTC 


10294 


26. 


Neisseria 


mucosa 


CIP ! 


59.51 T 


27 . 


Neisseria 


mucosa 


CIP 


59.48 


28 . 


Neisseria 


mucosa 


CIP ! 


59.47 
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TABLE II 


(continued) 








29. 


Neisseria 


macacae 


* 


CIP 


N4176 T 


30. 


Neisseria 


f lavescens 




ATCC 


13120 T 


31. 


Neisseria 


subf lava 




ATCC 


10555 


32. 


Neisseria 


subf lava 




ITG 


3821 


33. 


Neisseria 


sicca 




ITG 


3882 


34. 


Neisseria 


elongata subsp. 


elongata 


MCTC 


10660 T 


35. 


Neisseria 


elonqata subsp. 


alvcolvtica MCTC 


11050 


36 . 


Neisseria 


canis 




ATCC 


14687* 


37 . 


Neisseria 


animalis 




MCTC 


10212 T 


38 . 


Neisseria 


denitrif icana 




ATCC 


14686* 


39. 


CDC group 


M-5 




CCUG 


■ 4007 


40. 


CDC group 


EF-4a 




CDC T 


-191/78 


41. 


Kinqella • 


denitrif icana 




MCTC 


10995* 


42. 


Kinqella i 


denitrif icana 




MCTC 


10997 


43. 


Kinaella 


kinqae 




MCTC 


10529* 


44. 


Simortsiella muelleri 




ATCC 


29452 


45. 


Simonsiella crassa 




ATCC 


15533* 


46. 


Simonsiella steedae 




ATCC 


27398 


47 . 


Simonsiella species 




ATCC 


27381 


481 


Alvsiella 


f ilif ormis 




CCUG 


3710* 


49. 


Eikenella 


corrodens 




MCTC 


10596* 


50 . 


Eikenella 


corrodens 




MIM 8 


01-1 


51. 


Chromobacterium violaceum 




MCTC 


9757* 


52 . 


Chromobacterium fluviatile 




LMG 6 57 4 


53 . 


AouasDiri 


Hum dispar 




ATCC 


27650 


54. 


Pseudomonas testosteroni 




ATCC 


17407 


55. 


Oligella 


urethralis 




LMG 6227 


56. 


HaemoDhilus ducrevi 




CIP 542 T 


57 . 


Kinaella 


indoloqenes 




MCTC 


10717* 


58 . 


Moraxella 


(Branhamella) catarrhelis 


MCTC 


4103 


59 . 


Escherichia coli 




B 





21 



EP 0 337 896 A1 

LOCATION OF THE STRAINS ON FILTER I & tl 



5 



10 



1 


20 


24 


28 


32 


36 


7 


21 


25 


29 


33 


37 


10 


22 


26 


30 


34 


38 


17 


23 


27 


31 


35 


51 



FILTER I 



15 



20 



1 


40 


44 


48 


52 


56 


10 


41 


45 


49 


53 . 


57 


20 


42 


46 


50 


54 


58 


39 


43 


47 


51 


55 


59 



FILTER II 

25 



In conclusion, under the conditions used, probe n°1 proved to be 100% specific and 100% reliable for N. 
gonorrhoeae as compared to conventional identification techniques. The probe also proved to be more 
30 reliable than the cryptic plasmid probe initially described by Totten et al., J. Infect. Dis., 148:462-471, 1983 
(results not shown). 

a.3) Results concerning probe n° 10: 

Probe n° 10 was hybridized with a great variety of bacterial DNAs. The results are shown in Figure 18. 
35 In Figure 18, the hybridization results of probe n°10 with 1 microgram dot-spotted genomic DNA from a 
variety of bacterial strains are represented. 

The hybridization temperature was 55° C (in 3SSC, 25 mM PB, pH 7.1 and 20% FA). The wash temperatures 
are indicated (the same medium was used). The location of the strains is given in Table II. 

Probe n° 10 hybridizes to DNA of almost all Neisseria strain. At 60° C weak cross reactions are observed also 
40 with DNA from Simonsielia and Alysiella strains, which are close relatives of the neisseriae (Rossau et al., USB, 
1989 in press). 

b) Study of probes n° 12 to n° 18 : 
The specificity of probes n°12 to n° 18 was tested as described hereabove (same method, same media). 
45 The hybridization (HT) and wash temperature (WT) used, are indicated in Figure 13. 

In Figure 13, the specificity of the probes at different wash temperature is determined as follows: 
Following hybridization at the temperature (HT) and with the probe indicated, the membranes, on which 1 u.g 
of denatured DNA of Neisseria gonorrhoeae NCTC 8375T (NG), Neisseria meningitidis NCTC 10025T (NM), 
Escherichia coli B (EC) and Branhamella catarrhalis ITG 4197 (BC) was spotted, were washed for 15 min. at the 
50 indicated wash temperature, dried and autoradiographed for 24 h. with an intensifying screen at 70° C. 

It is clear from the results shown on Figure 13 that probes n° 12, 14 and 17 are not specific for Neisseria 
gonorrhoeae . They can be used to detect one or more Neisseria strains at the following hybridization 
temperature (HT) and wash temperature (WT): 
probe n° 12: HT and WT between about 55° C and about 60° C 
55 probe n 3 14: HT and WT between about 40° C and about 45° C 
probe n° 17: HT and WT between about 50° C and about 55° C 

Although probes n° 15 and 16 do not hybridize with DNA of the type strain of N. meningitidis under stringent 
conditions (see Figure 13), further experiments showed that they are not sufficiently specific for N. 
gonorrhoeae as they crosshybridize to some other Neisseria strains, mainiy N. meningitidis strains. Both 
60 probes can thus be used only to detect one or more Neisseria strains at the following HT and WT: 
probe n° 15: HT and WT between about 50°C and about 55°C 
probe n° 16: HT and WT between about 50° C and about 60° C. 

Under highly stringent conditions probes n° 13 and 18 hybridized to all N. gonorrhoeae strains tested and 
not with any of the N. meningitidis strains tested at the following HT and WT: 
65 probe n° 13: HT and WT from about 50 to about 55° C 
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probe n° 18: about 60°C 

An example is given with respect to the hybridization results with probe n° 18 in Figure 14. 

Probe n° 18 was hybridized with 1 u.g denatured dot-spotted DNA from 9 N. gonorrhoeae strains (row A, B 
and C, 1 to 3), 10 N, meningitidis strains (row D, E and F, 1 to 3 and row G, 1) and two reference strains not 
related to Neisseria (row G, 2 and 3). The hybridization and wash temperature was 60° C. 

Table III below summarizes the temperature range in which the probes n° 12 and n° 18 of the invention are 
specific for N. gonorrhoeae . In this Table, Ts and Td have the meaning above explained under the conditions 
hereabove detailed (cf. Table I). 

TABLE III 

Probe Ts(°C) Td(°C) 

12 - 60-65 

13 50-55 55-60 

14 - 45-50 

15 - 55-60 

16 - 60-65 

17 55-60 

18 55-60 60-65 



The probes of the invention can be used in a sandwich hybridization system which enhances the specificity 
of a nucleic acid probe based assiy. 

The principle and the use of sandwich hybridizations in a nucleic acid probe based assay have been already 
described (e.g.: Dunn and Hassel, Cell, 12: 23-36. 1977; Ranki et al., Gene 21. 77-85, 1983). Although direct 25 
hybridization assays have favourable kinetics, sandwich hybridizations are advantageous with respect to a 
higher signal to noise ratio. Moreover sandwich hybridizations can enhance the specificity of a nucleic acid 
probe based assay. !f properly designed, a sandwich hybridization assay indeed maximizes the specificity of a 
nucleic acid probe based test when using two probes recognizing two different nucleic acid stretches of one 
and the same organism. The only demands which must be met are that both probes (i) hybridize to nucleic acid 30 
of the target organism and (ii) do not hybridize to the same non-target organisms. 

For two given probes I and II, the sandwich hybridization system can be described as follows: 

Probe n° I hybridizes to nucleic acid from organisms A and B (not with C). 

Probe n° II hybridizes to nucleic acid from organisms A and C (not with B). 

Since it is absolutely required that both probes hybridize to the target nucleic acid, a detectable signal will 35 
be generated only if nucleic acid from organism A is present in the sample. 

In Figure 10, a sandwich hybridization assay with enhanced specificity is represented: 

- Probe I hybridizes with nucleic acid from organisms A and B and is fixed to the solid support. 

- Probe II hybridizes with nucleic acid from organisms A and C and is labeled. 

The test will be positive only if the labeled probe (probe II) will become indirectly fixed to the support, i.e. if 40 
nucleic acid from organism A is present. 

More particularly, on the first drawing of figure 10, probe I and probe II hybridize with the target nucleic acid 
(A). The labeled probe is fixed. The test is positive. 

On the second drawing of figure 10, probe I hybridizes with nucleic acid from organism B, but probe II does 
not. The labeled probe is not fixed. There will be no signal ; the test is negative. 45 

On the third drawing of figure 10, nucleic acid from organism C is not fixed. Consequently the labeled probe 
is not fixed. There will be not signal ; the test is negative. 

Some of the probes of the invention can be combined in a sandwich hybridization assay which is highly 
specific for Neisseria gonorrhoeae . Advantageous combinations of probes of the invention which maximize 
the specificity for N. gonorrhoeae are: 50 

- probe of group 9 and anyone of the probes of the following groups: 1, 2, 3, 5 and 13. 

- probe of group 13 and anyone of the probes of the following groups: 1, 2, 3 and 5. 

- probe of group 18 and anyone of the probes of the following groups: 1, 2, 3, 5, 9 and 13. 

- probe of group 5 and anyone of the probes of the following groups: 1, 2 and 3. 

Advantageous combinations of probes of the invention which are specific for N. gonorrhoeae are the 55 
following ones : 

- probe of groupe 13 and anyone of the probes of the following groups 5, 9 and 18. 

Preferred combinations of probes of the invention which are specific for N. gonorrhoeae are the following 
ones: 

- probe of group 9 and of group 5. SO 

- probe of group 18 and one of the probes of the following groups: 5 and 9. 

These combinations have the 16S rRNA molecule as target. Combinations between 16S rRNA- and 23S 
rRNA-derived probes (e.g. probe of group 11 and probe of group 13 or group 18) are only possible if the 
genomic DNA is the target-molecule; 

In the sandwich hybridization process for detecting N. gonorrhoeae , the probes can be added 65 
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simultaneously or not, to the biological sample in which the target DNA or RNA is sought. 

The advantageous approximate hybridization temperature and wash temperature for the above mentioned 
combinations are given in the following Table IV: 

5 Table IV 

Number of 1 2 3 5 9 13 18 

the probe 



15 



2 














3 














5 


53 


60 


65 








9 


55 


55 


65 


65 






13 


52 


52 


52 


52 


52 




18 


53 


60 


60 


60 


60 


52 



This Table represents preferred approximate hybridization and wash temperatures (in °C) for the different 
combinations of probes in a sandwich hybridization assay. The combinations indicated by "-" should not be 
20 used. 

For instance, 

- an assay in which probes n° 1 and n° 5 are combined should be performed at about 53° C, and 

- an assay in which probes n° 18 and n° 9 are combined should be performed at about 60° C. 

The invention also relates to a kit for sandwich hybridization assay, for the detection in vitro of Neisseria 
25 gonorrhoeae strains in a biological sample, said kit containing : 

- at least two probes specific for N. gonorrhoeae as above selected from the following combinations: 

- probe of group 9 and anyone of the probes of the following groups: 1, 2, 3, 5 and 13. 

- probe of group 13 and anyone of the probes of the following groups: 1, 2, 3 and 5. 

- probe of group 18 and anyone of the probes of the following groups: 1, 2, 3, 5, 9 and 13. 
30 - probe of group 5 and anyone of the probes of the following groups: 1, 2 and 3 

and particularly from the following combination: 

- probe of group 13 and anyone of the probes of the following groups: 5, 9 and 18 
and more particularly from the following combinations: 

- probe of group 9 and of group 5. 

35 - probe of group 18 and one of the probes of the following groups: 5 and 9 

- the buffer or components necessary for producing the buffer enabling hybridization reaction between these 
probes and the DNAs and/or RNAs of a strain of Neisseria gonorrhoeae to be carried out. 

- when appropriate means for detecting the hybrids resulting from the preceding hybridization. 

The fact that Neisseria gonorrhoeae and Neisseria meningitidis strains can be distinguished from each other 
40 by some of the probes of the invention has some widespread implications on the use of rRNA-deriyed probes 
in general, because both taxa are genotypically related at the subspecies level. Hence, the probes according 
to the invention cannot be used exclusively to detect large groups of organisms, but can be used also to 
differentiate between organisms at the subspecies level. There is no reason to believe that this should be the 
case in Neisseria only, and not in other taxa. Provided that the probe sequence and the hybridization 
45 conditions are carefully chosen, differentiation at the subspecies level can be accomplished in a simple direct 
hybridization format, making the tedious Southern-blot analysis obsolete. 

The specific probes of the invention, in particular probes n° 1 to n° 5, n° 9, n° 1 1, n° 13 and n° 18 should find 
application in the culture confirmation of Neisseria gonorrhoeae and the diagnosis of N. gonorrhoeae in all 
types of clinical samples, since no interference is to be expected from other microorganisms under the 
50 appropriate conditions. 

Moreover, the probes of the invention can be used for taxonomic or epidemiological investigations based on 
restriction fragment length polymorphism analysis (Grimont and Grimont, 1986), or to identify and classify 
related microorganisms. 

There follows a bibliography by way of articles which belong to the background of this invention. 

55 
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1 . Probe for detecting one or more Neisseria strains, containing : 
- either a sequence belonging to a nucleic acid selected from the following groups of nucleic acids and 
which includes itself of from 10 to the maximum number of nucleotides of the selected nucleic acid 
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GGTACCGTCATCGGCCGCCGATATTGGCAACAGCCTTTTCTTCCCTGACAAAAGTCC 

(4) 

GGaACCGUCAUCGGCCGCCGAUAOUGGCAACAGCCUUUUCOUCCCUGACAAAAGUCC 

(4bis) 

GGACTTTTGTCAGGGAAGAAAAGGCTGTTGCCAATATCGGCGGCCGATGACGGTACC 

(4ter) 

GGACUUUUGUCAGGGAAGAAAAGGCUGOUGCCAAUAOCGGCGGCCGAUGACGGUACC 

( 4quater ) 

ACGCTACCAAGCAATCAAGTTGCCCAACAGCTAA (5) 
ACGCUACCAAGCAAUCAAGUUGCCCAACAGCUAA ( 5 b i s ) 

TTAGCTGTTGGGCAACTTGATTGCTTGGTAGCGT ( 5ter ) 

UUAGCUGUUGGGCAACUUGAUUGCUUGGUAGCGU ( 5quater ) 

ATACCGTGGTAAGCGGACTCCTTGCGGTTACCCTACCTACTTCTGGTATCCCCCAC 

(6) 

AUACCGUGGUAAGCGGACUCCUUGCGGUUACCCUACCUACOOCUGGUAUCCCCCAC 

(6bis) 

GTGGGGGATACCAGAAGTAGGTAGGGTAACCGCAAGGAGTCCGCTTACCACGGTAT 

(6ter) 

GUGGGGGAUACCAGAAGUAGGUAGGGOAACCGCAAGGAGUCCGCUUACCACGGUAU 

(6quater) 

TCAGTCCGATTTCCGCCGGACCTAGGT (7) 
UCAGUCCGAUUUCCGCCGGACCUAGGO ( 7bis ) 

ACCTAGGTCCGGCGGAAATCGGACTGA ( 7 ter ) 

ACCUAGGUCCGGCGGAAAUCGGACUGA ( 7quater ) 

TCAGTCCGATTTCCGACCGGACCTAGGT ( 8 ) 

UCAGUCCGAOOUCCGACCGGACCUAGGO ( 8bis ) 

ACCT AGGTCCGGTCGG AAATCGGACTGA ( 8 te r ) 

ACCUAGGDCCGGUCGGAAAUCGGACOGA ( 8quater ) 
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CGCCACCCGAGAAGCAAGCTTCCCTGTGCTGC ( 9 ) 

CGCCACCCGAGAAGCAAGCUUCCCUGUGCUGC ( 9 bis ) 

GCAGCACAGGGAAGCTTGCTTCTCGGGTGGCG ( 9 1 er ) 

GCAGCACAGGGAAGCUUGCUUCUCGGGUGGCG ( 9quater ) 

CGGGGCTTACGGAGCAAGTCCTTAACCTTAGAGGGCATA (10) 

CGGCGCUUACCGAGCAAGUCCUUAACCUUAGAGGGCAUA ( 1 Obis ) 

TATGCCCTCTAAGGTTAAGGACTTGCTCCGTAAGCCCCG ( 10ter) 

UAUGCCCUCUAAGGUUAAGGACUUGCUCCGUAAGCCCCG ( lOquater) 

GCGGAATCATAGCTTTATTGCCAGCTCCCCCGC (11) 

GCGGAAUCAUAGCUUUAUUGCCAGCUCCCCCGC { 1 1 bi S ) 

GCGGGGGAGCTGGCAATAAAGCTATGATTCCGC ( 1 1 ter ) 

GCGGGGGAGCUGGCAAUAAAGCUAUGAUUCCGC ( 1 1 quater ) 

GACACACTCGAGTCACCCAGTTCAGAAC (12) 

GACACACUCGAGUCACCCAGUUCAGAAC ( 1 2bis ) 

GTTCTGAACTGGGTGACTCGAGTGTGTC ( 1 2 1 er ) 

GUUCUGAACUGGGUGACUCGAGUGUGUC ( 1 2quater ) 

TGCTTTCCCTCTCAAGACGTATGC (13) 

UGCUUUCCCUCUCAAGACGUAUGC ( 1 3bis ) 

GCATACGTCTTGAGAGGGAAAGCA ( 1 3ter ) 

GCAUACGUCUUGAGAGGGAAAGCA ( 1 3quater ) 

TCTCGACAGTTATTACGTACA (14) 

UCUCGACAGUUAUUACGUACA ( 1 4bis ) 

TGTACGTAATAACTGTCGAGA (14ter) 

UGUACGUAAUAACUGUCGAGA ( 1 4quater ) 

TTTCGTACGCTTAGTACCGCTGTTGAGA (15) 

UUUCGUACGCOUAGUACCGCUGaUGAGA (15bis) 

TCTCAACAGCGGTACTAAGCGTACGAAA ( 1 5 ter ) 

OCUCAACAGCGGUACUAAGCGUACGAAA ( 1 5 quater ) 

GTGGTATCGGTTGCTTCGTGTCCGTAGACA (16) 

GUGGUAUCGGUUGCUUCGUGUCCGUAGACA ( 1 6bis ) 

TGTCTACGGACACGAAGCAACCGATACCAC ( 1 6 ter ) 

UGUCUACGGACACGAAGCAACCGAUACCAC (16quater) 

AAGCTATTCCAACAGCTTGCCAACCTAA (17) 

AAGCUAUUCCAACAGCUUGCCAACCUAA ( 1 7bis ) 

TTAGGTTGGCAAGCTGTTGGAATAGCTT ( 1 7 ter ) 
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UUAGGUUGGCAAGCUGUUGGAAUAGCUU ( 1 7quater ) 

TGGTGGGCCTTTACCCCGCCAACCAGCT (18) 

UGGUGGGCCUOUACCCCGCCAACCAGCU ( 1 8bis ) 

AGCtGGTTGGCGGGGTAAAGGCCCACCA ( 1 8ter ) 

AGCUGGUUGGCCGGGUAAAGGCCCACCA ( 1 8quater ) 

-or a variant sequence which distinguishes of any of the preceding sequences (4) to { 1 8) 

. either by addition to or removal from any of their respective extremities of one or several nucleotides, 

. or changing within any of said sequences of one or more nucleotides, 

. or both, 

yet provided that in any of the above circumstances said probe still hybridizes with the same RNA or DNA 
target as the corresponding unmodified sequence. 

2. The probe of claim 1 , containing : 
- either a sequence belonging to a nucleic acid selected from the following groups of nucleic acids and 
which includes itself of from 10 to the maximum number of nucleotides of the selected nucleic acid 

TCGGCCGCCGATATTGGCAACAGCCTT ( 1 ) 

UCGGCCGCCGAUAUUGGCAACAGCCUU ( Ibis) 

AAGGCTGTTGCCAATATCGGCGGCCGA (Iter) 
AAGGCUGOUGCCAAUAUCGGCGGCCGA ( Iquater) 

TCGGCCGCCGATATTGGCAACAGCCTTTTCTTCCCTG ( 2 ) 
UCGGCCGCCGAUAUUGGCAACAGCCDUUOCODCCCUG ( 2bis ) 
CAGGGAAGAAAAGGCTGTTGCCAATATCGGCGGCCGA ( 2ter ) 
CAGGGAAGAAAAGGCUGUUGCCAAUAOCGGCGGCCGA ( 2quater ) 
GGTACCGTCATCGGCCGCCGATATTGGCAACAGCCTTTTCTTCCCTG ( 3 ) 
GGUACCGUCAUCGGCCGCCGAUAUUGGCAACAGCCUUUUCOUCCCUG ( 3 bis ) 
CAGGGAAGAAAAGGCTGTTGCCAATATCGGCGGCCGATGACGGTACC ( 3ter ) 
CAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGAUGACGGUACC ( 3quater ) 
GGTACCGTCATCGGCCGCCGATATTGGCAACAGCCTTTTCTTCCCTGACAAAAGTCC 

(4) 
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GGUACCGUCAUCGGCCGCCGAUAUUGG.CAACAGCCUUUUCUUCCCUGACAAAAGUCC 

(4bis) 

GGACTTTTGTCAGGGAAGAAAAGGCTGTTGCCAATATCGGCGGCCGATGACGGTACC 

(4ter) 

GGACUUUUGUCAGGGAACAAAAGGCUGUUGCCAAUAUCGGCGGCCGAUGACGGUACC 

(4quater) 

ACGCTACCAAGCAATCAAGTTGCCCAACAGCTAA ( 5 ) 

ACGCUACCAAGCAAUCAAGUUGCCCAACAGCUAA ( 5bis ) 

TTAGCTGTTGGGCAACTTGATTGCTTGGTAGCGT (5ter) 
UUAGCUGUUGGGCAACUUGAUUGCUOGGUAGCGU ( 5quater ) 

ATACCGTGGTAAGCGGACTCCTTGCGGTTACCCTACCTACTTCTGGTATCCCCCAC 

(6) 

AUACCGUGGUAAGCGGACUCCUUGCGGUUACCCUACCUACDUCUGGUAUCCCCCAC 

(6bis) 

GTGGGGGATACCAGAAGTAGGTAGGGTAACCGCAAGGAGTCCGCTTACCACGGTAT 

(6ter) 

GUGGGGGAUACCAGAAGUAGGUAGGGUAACCGCAAGGAGUCCGCUUACCACGGUAU 

(6quater ) 

TCAGTCCGATTTCCGCCGGACCTAGGT ( 7 ) 

UCAGUCCGAUUUCCGCCGGACCUAGGO ( 7bis ) 

ACCTAGGTCCGGCGGAAATCGGACTGA ( 7ter ) 

ACCUAGGUCCGGCGGAAAUCGGACUGA (7quater) 
TCAGTCCGATTTCCGACCGGACCTAGGT ( 8 ) 

UCAGUCCGAUUUCCGACCGGACCUAGGU ( 8bis ) 

ACCTAGGTCCGGTCGGAAATCGGACTGA ( 8 1 er ) 

ACCUAGGUCCGGUCGGAAAUCGGACUGA ( 8quater ) 

CGCCACCCGAGAAGCAAGCTTCCCTGTGCTGC ( 9 ) 

CGCCACCCGAGAAGCAAGCUUCCCUGUGCUGC ( 9bis ) 

GCAGCACAGGGAAGCTTGCTTCTCGGGTGGCG ( 9 ter ) 

GCAGCACAGGGAAGCUUGCUUCUCGGGUGGCG ( 9quater) 

CGGGGCTTACGGAGCAAGTCCTTAACCTTAGAGGGCATA (10) 
CGGGGCUUACGGAGCAAGUCCUUAACCUUAGAGGGCAUA ( 1 0bi s ) 

TATGCCCTCTAAGGT.TAAGGACTTGCTCCGTAAGCCCCG ( 10 ter) 

UAUGCCCUCUAAGGUUAAGGACUUGCUCCGUAAGCCCCG ( 10quater) 

GCGGAATCATAGCTTTATTGCCAGCTCCCCCGC (11) 



29 



EP 0 337 896 A1 





GCGGAAUCAUAGCUUUAUUGCCAGCUCCCCCGC 


( 1 Ibis) 




GCGGGGGAGCTGGCAATAAAGCTATGATTCCGC 


( 1 1ter) 


5 


GCGGGGGAGCUGGCAAUAAAGCUAUGAUUCCGC 


( 1 Iquater ) 




GACACACTCGAGTCACCCAGTTCAGAAC 


(12) 




GACACACUCGAGUCACCCAGUUCAGAAC 


( 12bis) 


10 


GTTCTGAACTGGGTGACTCGAGTGTGTC 


( 12ter) 




GUUCUGAACUGGGUGACUCGAGUGUGUC 


( 12quater) 




TGCTTTCCCTCTCAAGACGTATGC 


(13) 




UGCUUUCCCUCUCAAGACGUADGC 


( 13bis) 




GCATACGTCTTGAGAGGGAAAGCA 


( 13ter) 




GCAUACGUCUUGAGAGGGAAAGCA 


( 1 3quater ) 


20 


TCTCGACAGTTATTACGTACA 


(14) 




UCUCGACAGUUAUUACGUACA 


( 14bis) 


25 


TGTACGTAATAACTGTCGAGA 


( 14teu) 


UGUACGOAAUAACUGUCGAGA 


( 1 4quater ) 




TTTCGTACGCTTAGTACCGCTGTTGAGA 


(15) 


30 


UUUCGUACGCUUAGOACCGCUGUUGAGA 


( 15bis) 


TCTCAACAGCGGTACTAAGCGTACGAAA 


(15ter) 




UCUCAACAGCGGUACUAAGCGUACGAAA 


( 1 Squater ) 


35 


GTGGTATCGGTTGCTTCGTGTCCGTAGACA 


(16) 


GUGGUAUCGGUUGCUUCGUGUCCGUAGACA 


(16bis) 




TGTCTACGGACACGAAGCAACCGATACCAC 


( 16ter) 


40 


UGUCUACGGACACGAAGCAACCGAUACCAC 


( 1 6quater ) 


AAGCTATTCCAACAGCTTGCCAACCTAA 


(17) 




AAGCUAUUCCAACAGCUUGCCAACCUAA 


(17bis) 


45 


TTAGGTTGGCAAGCTGTTGGAATAGCTT 


(17ter) 




UUAGGUUGGCAAGCUGUUGGAAtJAGCUU 


( 1 7quater ) 




TGGTGGGCCTTTACCCCGCCAACCAGCT 


(18) 


50 


UGGUGGGCCUUUACCCCGCCAACCAGCU 


(18bis) 




AGCTGGTTGGCGGGGTAAAGGCCCACCA 


(18ter) 




AGCUGGUUGGCGGGGUAAAGGCCCACCA 


( 1 8quater ) 



55 



65 - or a variant sequence which distinguishes of any of the preceding sequences ( 1 ) to ( 1 8) 
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. either by addition to or removal from any of their respective extremities of one or several nucleotides, 
. or changing within any of said sequences of one or more nucleotides, 
.or both, 

yet provided that in any of the above circumstances said probe still hybridizes with the same RNA or DNA 
target as the corresponding unmodified sequence. 

3. Probe for detecting one or more Neisseria strains, which targets one of the sequences defined 
hereunder or the corresponding complementary sequence, when the hybridization medium or the wash 
medium or both as appropriate are the following ones : 

hybridization medium : containing about 3xSSC. (SSC = 0.15M NaCI, 0.015M sodium citrate, pH 7.0) 
about 25 mM of phosphate buffer pH 7.1, 20% deionized formamide 0.02% ficoll, 0.02% bovine serum 
aibumin, 0.02% polyvinylpyrrolidone, and about 0.1 mg/ml sheared, denatured salmon sperm DNA, 
wash medium : containing about 3XSSC, 25 mM phosphate buffer pH 7.1 , and 20% deionized formamide 
wherein said target sequences and the corresponding relevant hybridization temperatures (HT) and wash 
temperatures (WT) respectively are as follows : 

AAGGCUGUUGCCAAUAUCGGCGGCCGA 
HT and/or WT : about 55 *C 
CAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGA 
HT and/or WT : about 60* C 

CAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGAUGACGGUACC 
HT and/or WT : about 60 *C 

GGACUUUUGUCAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGAUGACGGUACC 

HT and/or WT : about 65 *C 

UUAGCUGUUGGGCAACUUGAUUGCUUGGUAGCGU 

HT and/or WT : about 55 *C to about 60 *C 

GUGGGGGAUACCAGAAGUAGGUAGGGUAACCGCAAGGAGUCCGCUUACCACGGUAU 
HT and/or WT : about 65 *C to about 70* C 
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ACCUAGGUCCGGCGGAAAUCGGACUGA 

HT and/or WT : about 55 *C 

ACCUAGGUCCGGUCCGAAAUCGGACUGA 

HT and/or WT : about 55*C to about 60'C 

GCAGCACAGGGAAGCUUGCUUCUCGGGUGGCG 

HT and/or WT : about 55 *C to about 60 *C 

UAUGCCCUCUAAGGOUAAGGACUUGCUCCGUAAGCCCCG 

HT and/or WT : about 60*C to about 65 *C 

GCGGGGGAGCUGGCAAUAAAGCUAUGAUUCCGC 

HT and/or WT : about 55 *C 

GUUCUGAACUGGGUGACUCGAGUGUGUC 

HT and/or WT : about 55 *C to about 60*C, 

GCAUACGUCUUGAGAGGGAAAGCA 

HT and/or WT : about 45 *C, 

UGUACGUAAUAACUGUCGAGA 

HT and/or WT : about 40 'C to about 45 

UCUCAACAGCGGUACUAAGCGUACGAAA 

HT and/or WT : about 50'C to about 55 *C, 

UGUCUACGGACACGAAGCAACCGAUACCAC 

HT and/or WT : about 50*C to about 60*C, 

UUAGGUUGGCAAGCUGUUGGAAUAGCUU 

HT and/or WT : about 50* C to about 55* C, 

AGCUGGUUGGCGGGGUAAAGGCCCACCA 

HT and/or WT : about 45 'C. 

4. Probe for detecting one or more Neisseria gonorrhoeae strains from other bacteria) strains, and in 
particular from other Neisseria strains, containing 

- either a sequence belonging to a nucleic acid selected from the following groups of nucleic acids and 
which includes itself of from 10 to the maximum number of nucleotides of the selected nucleic acid 

TCGGCCGCCGATATTGGCAACAGCCTT ( 1 ) 

UCGGCCGCCGAUAUUGGCAACAGCCUU (Ibis) 

AAGGCTGTTGCCAATATCGGCGGCCGA ( 1 ter ) 

AAGGCUGUUGCCAAUAUCGGCGGCCGA ( 1 quater ) 
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TCGGCCGCCGATATTGGCAACAGCCTTTTCTTCCCTG ( 2 ) 
UCGGCCCCCGAUAUUGGCAACAGCCUUUUCUUCCCUG ( 2bis ) 
CAGGGAAGAAAAGGCTGTTGCCAATATCGGCGGCCGA (2ter) 
CAGGGAACAAAAGGCUGUUGCCAAUAUCGGCGGCCGA ( 2quater ) 
GGTACCGTCATCGGCCGCCGATATTGGCAACAGCCTTTTCTTCCCTG ( 3 ) 
GGUACCGUCAUCGGCCGCCGAUAUUGGCAACAGCCUUUUCUUCCCUG ( 3bis ) 
CAGGGAAGAAAAGGCTGTTGCCAATATCGGCGGCCGATGACGGTACC ( 3ter ) 
CAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGAUGACGGUACC ( 3quater ) 
GGTACCGTCATCGGCCGCCGATATTGGCAACAGCCTTTTCTTCCCTGACAAAAGTCC 

(4) 

GGUACCGUCAUCGGCCGCCGAUAUUGGCAACAGCCUUUUCUUCCCUGACAAAAGUCC 

(4bis) 

GGACTTTTGTCAGGGAAGAAAAGGCTGTTGCCAATATCGGCGGCCGATGACGGTACC 

( 4ter) 

GGACUUUUGUCAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGAUGACGGUACC 

(4quater) 

ACGCTACCAAGCAATCAAGTTGCCCAACAGCTAA ( 5 ) 

ACGCUACCAAGCAAUCAAGUUGCCCAACAGCUAA ( 5 bis) 

TTAGCTGTTGGGCAACTTGATTGCTTGGTAGCGT ( 5 ter ) 

UUAGCUGUUGGGCAACUUGAUUGCUUGGUAGCGU ( 5quater ) 



CGCCACCCGAGAAGCAAGCTTCCCTGTGCTGC 

CGCCACCCGAGAAGCAAGCUUCCCUGUGCUGC 

GCAGCACAGGGAAGCTTGCTTCTCGGGTGGCG 

GCAGCACAGGGAAGCUUGCUUCUCGGGUGGCG 

GCGGAATCATAGCTTTATTGCCAGCTCCCCCGC 

GCGGAAUCAUAGCUUUAUUGCCAGCUCCCCCGC 

GCGGGGGAGCTGGCAATAAAGCTATGATTCCGC 

GCGGGGGAGCUGGCAACIAAAGCUAUGAUUCCGC 

TGCTTTCCCTCTCAAGACGTATGC 

UGCUUUCCCUCUCAAGACGUAUGC 

GCATACGTCTTGAGAGGGAAAGCA 

GCAUACGUCUUGAGAGGGAAAGCA 



(9) 

Obis) 

(9ter) 

Oquater ) 

(11) 

( 11bis) 

{ 1 Iter) 

( 1 Iquater) 

(13) 

( 1 3bis ) 

(13ter) 

( 1 3quater ) 
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TGGTGGGCCTTTACCCCGCCAACCAGCT (18) 

UGGUGGGCCUUUACCCCGCCAACCAGCU ( 1 8bis ) 

AGCTGGTTGGCGGGGTAAAGGCCCACCA ( 1 8 1 er ) 

AGCUGGUUGGCGGGGUAAAGGCCCACCA ( 1 8quater ) 

- or a variant sequence which distinguishes of any of the preceding sequences (1 ) to ( 1 8) 

. either by addition to or removal from any of their respective extremities of one or several nucleotides, 

. or changing within any of said sequences of one or more nucleotides, 

. or both, 

yet provided that in any of the above circumstances said probe still hybridizes with the same RNA or DNA 
target as the corresponding unmodified sequence. 

5. Probe for detecting one or more Neisseria gonorrhoeae strains from other bacterial strains, and in 
particular from other Neisseria strains, containing 

- either a sequence belonging to a nucleic acid selected from the following groups of nucleic acids and 
which includes itself of from 10 to the maximum number of nucleotides of the selected nucleic acid 

TCGGCCGCCGATATTGGCAACAGCCTT ( 1 ) 

UCGGCCGCCGAUAUUGGCAACAGCCUU ( 1 bis ) 

AAGGCTGTTGCCAATATCGGCGGCCGA ( 1 ter ) 

AAGGCUGUUGCCAAUAUCGGCGGCCGA ( 1 quater ) 

TCGGCCGCCGATATTGGCAACAGCCTTTTCTTCCCTG ( 2 ) 
OCGGCCGCCGAOAUUGGCAACAGCC0UUUCUUCCCUG ( 2bis ) 
CAGGGAAGAAAAGGCTGTTGCCAATATCGGCGGCCGA (2ter) 
CAGGGAAGAAAAGGCUGUDGCCAAUAUCGGCGGCCGA ( 2quater ) 
GGTACCGTCATCGGCCGCCGATATTGGCAACAGCCTTTTCTTCCCTG ( 3 ) 
GGUACCGUCAUCGGCCGCCGAUAUUGGCAACAGCCOUUUCUUCCCUG ( 3bis ) 
CAGGGAAGAAAAGGCTGTTGCCAATATCGGCGGCCGATGACGGTACC ( 3 ter ) 
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CAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGAUGACGGUACC ( 3quater ) 
GGTACCGTCATCGGCCGCCGATATTGGCAACAGCCTTTTCTTCCCTGACAAAAGTCC 

(4) 

GGUACCGUCAUCGGCCGCCGAUAUUGGCAACAGCCUUUUCUOCCCUGACAAAAGUCC 

(4bis) 

GGACTTTTGTCAGGGAAGAAAAGGCTGTTGCCAATATCGGCGGCCGATGACGGTACC 

(4ter) 

GGACUUUUGUCAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGAUGACGGUACC 

( 4quater ) 

ACGCTACCAAGCAATCAAGTTGCCCAACAGCTAA ( 5 ) 

ACGCUACCAAGCAAUCAAGOUGCCCAACAGCUAA ( 5bis ) 

TTAGCTGTTGGGCAACTTGATTGCTTGGTAGCGT ( 5 ter ) 

UUAGCUGUUGGGCAACUUGAUUGCUUGGUAGCGU ( 5 quater ) 

CGCCACCCGAGAAGCAAGGTTCCCTGTGCTGC ( 9 ) 

CGCCACCCGAGAAGCAAGCgUCCCUGUGCOGC ( 9bis ) 

GCAGCACAGGGAAGCTTGCTTCTCGGGTGGCG (9ter) 
GCAGCACAGGGAAGCUUGCUUCUCGGGUGGCG ( 9quater ) 

GCGGAATCATAGCTTTATTGCCAGCTCCCCCGC (11) 

GCGGAAUCAUAGCUUUAUUGCCAGCUCCCCCGC ( 1 1 bis ) 

GCGGGGG AGCTGGCAATAAAGCTATGATTCCGC ( 1 1 ter ) 

GCGGGGGAGCUGGCAAUAAAGCUAUGAUUCCGC ( 1 1 quater ) 

TGCTTTCCCTCTCAAGACGTATGC (13) 

UGCUUUCCCUCOCAAGACGUAUGC (13bis) 

GCATACGTCTTGAGAGGGAAAGCA ( 1 3 1 er ) 

GCAUACGUCUUGAGAGGGAAAGCA ( 1 3quater ) 

TGGTGGGCCTTTACCCCGCCAACCAGCT (18) 

UGGUGCGCCUUUACCCCGCCAACCAGCU ( 1 8bis ) 

AGCTGGTTGGCGGGGTAAAGGCCCACCA (18ter) 

AGCUGGUUGGCGGGGUAAAGGCCCACCA (18quater) 

provided that the probe does not consist of the following sequence: 
TCA TCG GCC GCC GAT ATT GGC 

- or a variant sequence which distinguishes of any of the preceding sequences (1) to (18) 

. either by addition to or removat from any of their respective extremities of one or several nucleotides, 

. or changing within any of said sequences of one or more nucleotides, 

. or both, 

yet provided that in any of the above circumstances said probe still hybridizes with the same RNA or DNA 
target as the corresponding unmodified sequence. 

6. Probe for detecting one or more Neisseria gonorrhoeae strains from other bacterial strains, and in 
particular from other Neisseria strains, which target one of the sequences defined hereunder or the 
corresponding complementary sequence, when the hybridization medium or the wash medium or both as 
appropriate are the following ones : 
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hybridization medium : containing about 3xSSC, (SSC = 0.15M NaCI, 0.015M sodium citrate, pH 7.0) 
about 25mM of phosphate buffer pH 7.1, 20% deionized formamide 0.02% ficolt, 0.02% bovine serum 
albumin, 0.02% polyvinylpyrrolidone, and about 0.1 mg/ml sheared, denatured salmon sperm DNA, 
wash medium : containing about 3XSSC, 25 mM phosphate buffer pH 7.1, and 20% deionized formamide 
5 wherein said target sequences and the corresponding relevant hybridization temperatures (HT) and wash 

temperatures (WT) respectively are as follows : 

AAGGCUGUUGCCAAUAUCGGCGGCCGA 
10 HT and /or WT : about 50 *C to about 65 'C 
CAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGA 
HT and/ or WT : about 60 *C to about 70 *C 

15 CAGGGAAGAAAAGGCUGUUGCCAAUAUCGGCGGCCGAOGACGGOACC 

HT and /or WT : about 65 *C to about 70 *C 
^ GGACUUUUGUCAGGGAAGAAAAGGCUGUUGCAAUAUCGGCGGCCGAUGACGGUACC 

HT and /or WT : about 70 # C to about 75 *C 

UUAGCUGUUGCGCAACUUGAUUGCUUGGUAGCGU 
25 HT and/or WT : about 65 'C 

GCAGCACAGGGAAGCUUGCUUCUCGGGUGGCG 

HT and/or WT : about 65 *C 
30 GCGGGGGAGCUGGCAAUAAAGCUAUGAUUCCGC 

HT and/or WT : about 65 *C 

GCAUACGUCUUGAGAGGGAAAGCA 
35 HT and/or WT : about 50* C to about 55 *C 

AGCUGGUUGGCGGGGUAAAGGCCCACCA 

HT and/or WT : about 60*C. 

40 



7. Process for detecting Neisseria strains jn a biological sample from other bacterial strains, wherein 
said process comprises contacting said biological sample in which the nucleic acids (DNAs and RNAs) of 
the strains have been made accessible to hybridization, if need be, under suitable denaturation conditions 

45 with a probe according to any one of claims 1 to 6 under conditions enabling hybridization between the 

probe and complementary nucleic acids of the Neisseria strains, which may be present in the sample, and 
detecting the hybrids possibly formed. 

8. Process for detecting Neisseria strains from other bacterial strains in a biological sample, according 
to claim 7, wherein the probes used are the ones hybridizing both with DNA and RNA of Neisseria strains 

50 which may be present in the biological sample. 

9. Process for detecting Neisseria strains from other bacterial strains, according to claim 7 or 8, 
wherein the hybridization medium contains about 3xSSC, (SSC = 0,1 5M NaCI, 0.015M sodium citrate, pH 
7.0) about 25mM of phosphate buffer pH 7.1, 20% deionized formamide, 0.02% ficoll, 0.02% bovine 
serum albumin, 0.02% polyvinylpyrrolidone, and about 0.1 mg/ml sheared, denatured salmon sperm DNA, 

55 or the wash medium contains about 3XSSC, 25 mM phosphate buffer pH 7.1, and 20% deionized 

formamide, and 
wherein the probe used is 

anyone of the probes (1), (Ibis), (Iter) or (Iquater) of claim 2, the hybridization temperature being 
suitably adjusted to the range of about 55° C, preferably of about 53° C, and/or the wash temperature to 

60 the range of about 55° C. preferably of about 53" C, 

or anyone of the probes (2), (2bis), (2ter) or (2quater) of claim 2, the hybridization temperature being 
suitably adjusted to the range of about 60° C and/or the wash temperature to the range of about 60° C, 
or anyone of the probes (3), (3bis), (3ter) or (3quater) of claim 2, the hybridization temperature being 
suitably adjusted to the range of about 60° C and/or the wash temperature to the range of about 60° C, 

65 or anyone of the probes (4), (4bis), (4ter) or (4quater) of claim 2, the hybridization temperature being 
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suitably adjusted to the range of about 65° C and/or the wash temperature to the range of about 65° C, 
or anyone of the probes (5), (5bis), (5ter) or (5quater) of claim 2, the hybridization temperature being 
suitably adjusted to the range of about 55° C and/or the wash temperature to the range of about 55° C, 
or anyone of the probes (9). (9bis), (9ter), or (9quater) of claim 2, the hybridization temperature being 
suitably adjusted to the range of about 60° C and/or the wash temperature to the range of about 60° C, 
or anyone of the probes (6), (6bis), (6ter) or (6quater) of claim 2, the hybridization temperature being 
suitably adjusted to the range of about 65° C and/or the wash temperature to the range of about 65° C to 
about 70° C, 

or anyone of the probes (7), (7bis), (7ter) or (7quater) of claim 2, the hybridization temperature being 
suitably adjusted to the range of about 55° C and/or the wash temperature to the range of about 55° C, 
or anyone of the probes (8), (8bis), (8ter) or (8quater) of claim 2, the hybridization temperature being 
suitably adjusted to the range of about 55° C and/or the wash temperature to the range of about 55° C to 
about 60°C, or anyone of the probes (10), (10bis), (10ter) or (10quater) of claim 2, the hybridization 
temperature being suitably adjusted to the range of about 55° C and/or the wash temperature to the range 
of about 55° C to about 60° C 

or anyone of the probes (11), (1 Ibis), (1 Iter) or (1 Iquater) of claim 2, the hybridization temperature being 
suitably adjusted to about 55° C and/or the wash temperature to about 55° C. 

or anyone of the probes (12), (12bis), (12ter) or (12quater) of claim 2, the hybridization temperature being 
suitably adjusted to range of about 55° C to about 60° C and/or the wash temperature to range of about 
55° C to about 60° C. 

or anyone of the probes (13), (I3bis), (13ter) or (13quater) of claim 2, the hybridization temperature being 
suitably adjusted to range of about 45° C and/or the wash temperature to range of about 45° C. 
or anyone of the probes (14, (14bis), (14ter) or (14quater) of claim 2, the hybridization temperature being 
suitably adjusted to range of about 40° C to about 45° C and/or the wash temperature to range of about 
40° C to about 45° C. 

or anyone of the probes (15), (15bis). (15ter) or (15quater) of claim 2, the hybridization temperature being 
suitably adjusted to range of about 50° C to about 55° C and/or the wash temperature to range of about 
50° C to about 55° C. 

or anyone of the probes (16), (16bis), (16ter) or (16quater) of claim 2, the hybridization temperature being 
suitably adjusted to range of about 50° C to about 60° C and/or the wash temperature to range of about 
50°Cto about 60° C. 

or anyone of the probes (17), (17bis), (17ter) or (17quater) of claim 2. the hybridization temperature being 
suitably adjusted to range of about 50° C to about 55° C and/or the wash temperature to range of about 
50° C to about 55° C. 

or anyone of the probes (18). (18bis). (18ter) or (18quater) of claim 2, the hybridization temperature being 
suitably adjusted to range of about 45° C and/or the wash temperature to range of about 45° C. 

10. Process for detecting Neisseria gonorrhoeae strains from other bacterial strains and and particularly 
from other Neisseria strains, wherein said process comprises contacting said biological sample, in which 
the nucleic acids (ON As and RNAs) have been made accessible to hybridization, if need be, under 
suitable denaturation conditions, with a probe of the invention specific for Neisseria gonorrhoeae strains 
and selected from the probes (1), (Ibis), (Iter), (Iquater), (2), (2bis), (2ter), 2(quater), (3), (3bis), (3ter), 
(3quater), (40). (4bis), (4ter), (4quater). (5). (5bis), (5ter), (5quater), (9), (9bis), (9ter), (9quater), (11), 
(11bis), (11ter), (1 Iquater), (13), (13bis), (13ter), (13quater), (18), (18bis), (18ter) and (18quater) of claim 
2, whenever required under hybridization and washing conditions adjusted such as to ensure specific 
hybridization with complementary nucleic acids of the Neisseria gonorrhoeae strains, which may be 
present in the sample, yet not with complementary DNA or RNA of other Neisseria species, and detecting 
the hybrids possibly formed. 

1 1 . Process for detecting N. gonorrhoeae strains from other bacterial strains and in particular from other 
Neisseria strains, according to claim 10, 

wherein the hybridization medium contains about 3xSSC. (SSC = 0.15M NaCI, 0.015M sodium citrate, pH 
7.0) about 25mM of phosphate buffer pH 7.1, 20% deionized formamide, 0.02% ficoll, 0.02% bovine 
serum albumin, 0.02<Vo polyvinylpyrrolidone, and about 0.1 mg/ml sheared, denatured salmon sperm DNA, 
or the wash medium contains about 3XSSC, 25 mM phosphate buffer pH 7.1, and 20% deionized 
formamide, and 

wherein the probe used is anyone of the probes (1), (Ibis), (Iter) or (Iquater) of claim 2, 
the hybridization temperature being suitably adjusted to the range of about 55° C, preferably of about 
53° C, and/or the wash temperature to the range from about 55° C to about 65° C, preferably from about 
53° C to about 65° C and preferably of about 53° C, and the probe used is anyone of the probes (2), (2bis) , 
(2ter) or (2quater) of claim 2, 

the hybridization temperature being suitably adjusted to the range of about 60° C and/or the wash 

temperature to the range of about 65° C to about 70° C, 

or anyone of the probes (3), (3bis), (3ter) or (3quater) of claim 2, 

the hybridization temperature being suitably adjusted to the range of abut 60° C and/or the wash 
temperature to the range of about 65° C to about 70° C, 

or anyone of the probes (4). (4bis). (4ter) or (4quater) of claim 2, the hybridization temperature being 
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suitably adjusted to the range of about 65° C and/or the wash temperature to the range of about 70° C to 
about 75° C, 

or anyone of the probes (5), (5bis), (5ter) or (5quater) of claim 2, the hybridization temperature being 
suitably adjusted to the range of about 60° C and/or the wash temperature to the range of about 65° C, 
or anyone of the probes (9), (9bis), (9ter) or (9quater) of claim 2, the hybridization temperature being 
suitably adjusted to the range of about 60° C to about 65° C and/or the wash temperature to the range of 
about 65° C, 

or more preferably anyone of the probes (1). (Ibis), (Iter) or (Iquater) of claim 2, 

the hybridization temperature being suitably adjusted to the range of about 55° C and/or the wash 
temperature to the range of about 55° C to about 65° C 

or anyone of the probes (11), (11bis), (liter) or (11quater) of claim 2, the hybridization temperature being 
suitably adjusted to about 65" C and/or the wash temperature to about 65° C 

or anyone of the probes (13), (13bis), (13ter) or (13quater) of claim 2, the hybridization temperature being 
suitably adjusted to range about 50° C to about 55° C and/or the wash temperature to range about 50° C to 
about 55° C, 

or anyone of the probes (18), (18bis), (18ter) or (18quater) of claim 2, the hybridization temperature being 
suitably adjusted to about 60° C and/or the wash temperature to about 60° C. 

12. Kit for the detection in vitro of a large number, preferably all Neisseria strains in a biological sample, 
said kit containing : 

- at least one probe selected among any of those according to claims 1 to 4 ; 

- the buffer or components necessary for producing the buffer enabling hybridization reaction between 
these probes and the DNAs and/or RNAs of a large number, preferably all strains of Neisseria to be 
carried out ; 

- when appropriate means for detecting the hybrids resulting from the preceding hybridization. 

13. Kit for the detection in vitro of Neisseria gonorrhoeae strains in a biological sample, said kit 
containing : 

- at least one probe specific for N. gonorrhoeae as above defined, e.g. a probe selected from the probes 
(2), (2bis), (2ter), (2quater). (3), (3bis). (3ter), (3quater), (4), (4bis), (4ter), (4quater), (5), (5bis), (5ter), 
(5quater). (9), (9bis), (9ter). (9quater), (11), (11bis), (liter), (Hquater), (13), (13bis), (13ter), (13quater), 
(18), (18bis), (18ter) and (18quater), according to claim 2, or more preferably a probe selected from 
anyone of the probes (1), (Ibis), (Iter) or(lquater) according to claim 2 ; 

- the buffer or components necessary for producing the buffer enabling hybridization reaction between 
these probes and the DNAs and/or RNAs of a strain of Neisseria gonorrhoeae to be carried out, 

- when appropriate means for detecting the hybrids resulting from the preceding hybridization. 

14. Process for detecting N. gonorrhoeae strains from other bacterial strains and in particular from other 
Neisseria strains, wherein said process comprises contacting said biological sample, in which the nucleic 
acids (DNA and RNAs) have been made accessible to hybridization, if need be, under suitable 
denaturation conditions, with two probes of anyone of claims 1 to 6, which are specific for Neisseria 
gonorrhoeae strains and are respectively not able to hybridize to the same non-target strains, and in 
particular, selected from the following combinations: 

- probe of group 9 and anyone of the probes of the following groups: 1 , 2, 3, 5 and 13. 

- probe of group 13 and anyone of the probes of the following groups: 1, 2, 3 and 5. 

- probe of group 1 8 and anyone of the probes of the following groups: 1 , 2, 3, 5, 9 and 1 3. 

- probe of group 5 and anyone of the probes of the following groups: 1 , 2 and 3 
and more particularly, selected from the following combinations: 

- probe of group 9 and one of group 5. 

- probe of group 18 and one of the probes of the following groups: 5 and 9, 

whenever required under hybridization and washing conditions adjusted such as to ensure specific 
hybridization with complementary nucleic acids of the Neisseria gonorrhoeae strains, which may be 
present in the sample, yet not with complementary DNA or RNA of other Neisseria species, and detecting 
the hybrids possibly formed. 

15. Kit for sandwich hybridization assay, for the detection in vitro of Neisseria gonorrhoeae strains in a 
biological sample, 

said kit containing : 

- at least two probes specific for N. gonorrhoeae selected from the following combinations: 
-probe of group 9 and anyone of the probes of the following groups: 1,2, 3, 5 and 13. 

- probe of group 13 and anyone of the probes of the following groups: 1 , 2, 3 and 5. 

- probe of group 18 and anyone of the probes of the following groups: 1, 2, 3, 5, 9 and 13. 

- probe of group 5 and anyone of the probes of the following groups: 1 , 2 and 3. 
and more particularly from the following combinations: 

- probe of group 9 and one of group 5. 

- probe of group 18 and one of the probes of the following groups: 5, and 9 

- the buffer or components necessary for producing the buffer enabling hybridization reaction between 
these probes and the DNAs and/or RNAs of a strain of Neisseria gonorrhoeae to be carried out, 

- when appropriate means for detecting the hybrids resulting from the preceding hybridization. 
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E.coli 16S rRNA 



10 20 30 «0 ZO 60 

AAAUUGAAGA GUUUGAUCAU GGCUCAGAUU GAACGCUGGC GGCAGGCCUA ACACAUGCAA 

70 80 90 lOO 110 120 

GUCGAACGGU AACAGGAAGA AGCUUGCUCU UUGCUGACGA GUGGCGGACG GGUGAGUAAU 

130 140 ISO 160 170 180 

GUCUGGGAAA CUGCCUGAUG GAGGGGGAUA ACUACUGGAA ACGGUAGCUA AUACCGCAUA 

l9 0 200 2lO 220 230 240 

ACGUCGCAAG ACCAAAGAGG GGGACCUUCG GGCCUCUUGC CAUCGGAUGU GCCCAGAUGG 

2SO 260 270 2QO 290 30O 

GAUUAGCUAG UAGGUGGGGU AACGGCUCAC CUAGGCGACG AUCCCUAGCU GGUCUGAGAG 

310 320 330 340 3SO 3*0 

GAUGACCAGC CACACU6GAA CUGAGACACG GUCCAGACUC CUACGGGAGG CAGCAGUGGG 

3 7 0 380 390 40C 4 10 420 

GAAUAUUGCA CAAUGGGCGC AAGCCUGAUG CAGCCAUGCC GCGUGUAUGA AGAAGGCCUU 

430 440 450 460 470 480 

CGGGUUGUAA AGUACUUUCA GCGGGGASGA AGGGAGUAAA GUUAAUACCU UUGCUCAUUG 

490 SOO 510 S20 530 540 

ACGUUACCCG CAGAAGAAGC ACCGGCUAAC UCCGUGCCAG CAGCCGCGGU AAUACGGAGG 

550 560 S70 380 590 600 

GUGCAAGCGU UAAUCGGAAU UACUGGGCGU AAAGCGCACG CAGGCGGUUU GUUAAGUCAG 

610 620 630 640 650 660 

AUGUGAAAUC CCCGGGCUCA ACCUGGGAAC UGCAUCUGAU ACUGGCAAGC UUGAGUCUCG 

A70 680 690 700 710 J20 

UAGAGGGGGG UAGAAUUCCA GGUGUAGCGG UGAAAUGCGU AGAGAUCUGG AGGAAUACCG 

730 740 7SO 760 770 780 

GUGGCGAAGG CGGCCCCCUG GACGAAGACU GACGCUCAGG UGCGAAAGCG UGGGGAGCAA 

790 BOO 810 820 830 840 

ACAGGAUUAG AUACCOJGGU AGUCCACGCC GUAAACGAUG UCGACUUGGA GGUUGUGCCC 
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